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Officers  of  the  Washington  Meeting. 


PRESIDENT. 

Ira  Remsen,  Johns  Hopkins  University,  Baltimore,  Md. 

VICE-PRESIDENTS. 

A.  Mathematics   and   Astronomy^GEORGE   Bruce   Halsted,    Uni- 

versity of  Texas,  Austin,  Texas. 

B.  Physics — Erxest  Fox  \ichols,  Dartmouth  College,  Hanover, 

X.  H. 

C.  Chemistry — Charles  Baskerville,  University  of    North  Caro- 

Hna.  Chapel  Hill,  N.  C. 

D.  Mechanical    Science    and    Engineering— Clarence    A.    Waldo, 

Purdue  University,  Lafayette,  Ind. 

E.  Geology   and   Geography — William     Morris     Davis,     Harvard 

University,  Cainbridge,  Mass. 

F.  Zoology — Charles  W.  Hargitt,  Syracuse  University,  Syracuse, 

X.  Y. 

G.  Botany — Frederick  V.  Coville,  U.  S.  Department  ni  Agricul- 

ture, Washington,  D.   C. 

H.     Anthropology — ^George   A.  Dorsey,  Field  Columbian  Museum, 
Chicago.  111. 

I.      Social   and    Economic    Science  —  H.  T.  Newcomb,    Philadelphia, 
Pa. 

K.     Physiology   and   Experimental  Medicine— W^.    H.    Welch,   Johns 
Hopkins  University,  Baltimore,  Md. 

PERMANENT  SECRETARY. 
L.  O.  Howard,  Cosmos  Club,  Washington,  D.  C. 

GENERAL  SECRETARY. 
H.  B.  Ward,  University  of  Nebraska,  Lincoln,  Neb. 

SECRETARY  OF  THE  COUNCIL. 
Cm.  Wardell  Stiles,  Washington,  D.  C. 
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OFFICERS     FOR    THE     WASHINGTON'     MEETING. 

SECRETARIES  OF  THE  SECTIONS. 

A.  Mathematics  and  Astronomy — Charles    S.    Howe,  Case   School, 

Cleveland,  Ohio. 

B.  Physics — -Dayton  C.  Miller,  Case  School,  Cleveland,  Ohio. 

C.  Chemistry — ^Henry  N.  Stokes,  U.   S.   Geological  Survey,  Wash- 

ington, D.  C. 

D.  Mechanical  Science  and  Engineering — Elwood   Mead,  U.  S.  De- 

])artment  of   Agriculture,   Washington.  D.  C. 

E.  Geology  and  Geography  —  Edmund    O.    Hovey,    American   Mu- 

seum of   Natural    History,    New   York,  N.  Y. 

F.  Zoology — C.  JuDSON   Herrick,    Denison  University,   Granville, 

Ohio. 

G.  Botany — Charles    J.    Chamberlain,     University    of    Chicago, 

Chicago,  111. 

H.     Anthropology — Roland    B.    Dixon,    Peabody     Museum,    Cam- 
bridge, Mass. 

I.      Social  and  Economic  Science — Frank   H.   Hitchcock,   U.  S.  De- 
partment of  Commerce   and   Labor,  Washington,  D.  C. 

K.     Physiology  and  Experimental  Medicine — Frederic    S.    Lee,   Co- 
lumbia University,  New  York,  N.  Y. 

TREASURER. 
R.  S,  Woodward,  Columbi-a  University,  New  York,  N.  Y. 


ASSISTANT  SECRETARY. 

Richard  S.  Clifton,  Washington,  D.  C. 
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Members  of  Council  of  the  Washington  Meeting. 


Past  Presidents. — Simon  Newcomb,  Washington;  George  F. 
Barker,  Philadelphia;  George  J.  Brush,  New  Haven;  C.  A. 
You.N'G,  Princeton;  J.  P.  Lesley,  Milton;  Edward  S.  Morse, 
Salem;  Samuel  P.  Langley,  Washington;  T.  C.  Mendenhall, 
Worcester;  George  L.  Goodale,  Cambridge;  Albert  B.  Pres- 
COTT,  Ann  Arbor;  William  Harkness,  Washington;  Edward 
W.  Morley,  Cleveland;  Theodore  Gill,  Washington;  Wolcott 
GiBBS,  Newport;  F.  W.  Putnam,  Cambridge;  G.  K.  Gilbert, 
Washington;  R.  S.  Woodward,  New  York;  C.  S.  Minot,  Boston; 
Asaph  Hall,  South  Norfolk. 

Vice-Presidents  of  the  Denver  Meeting. — James  McMahon, 
Ithaca;  D.  B.  Brace,  Lincoln;  John  H.  Long,  Chicago;  H.  S. 
Jacoby,  Ithaca;  C.  R.  Van  Hise,  Madison;  D.  S.  Jordan,  Stan- 
ford University;  B.  T.  Galloway,  Washington;  J.  Walter 
Fewkes,  Washington;    John    Hyde,    Washington. 

Vice-Presidents  of  the  Pittsburg  Meeting. — G.  W.  Hough,  Evan- 
ston;  W.  S.  Franklin,  South  Bethlehem;  H.  A.  Weber,  Columbus; 
J.  J.  Flather,  Minneapolis;  O.  A.  Derby,  Sao  Paulo;  C.  C.  Nutt- 
ing, Iowa  City;  D.  H.  Campbell,  Stanford  University;  Stewart 
Culin,  Philadelphia;  Carroll  D.  Wright,  Washington;  W.  H. 
Welch,  Baltimore. 

Officers  of  the  Washington  Meeting. — Ira  Remsen,  Baltimore; 
George  Bruce  Halsted,  Austin;  E.  F.  Nichols,  Hanover; 
Ch.\rles  Baskerville,  Chapel  Hill;  C.  A.  Waldo,  Lafaj^ette; 
Wm.  M.  Davis,  Cambridge;  C.  W.  Hargitt,  Syracuse;  F.  V.  Co- 
viLLE,  Washington;  Geo.  A.  Dorsey,  Chicago;  H.  T.  Newcomb, 
Philadelphia;  W.  H.  Welch,  Baltimore;  L.  O.  Howard,  Wash- 
ington; H.  B.  Ward,  Lincoln;  C.  W.  Stiles,  Washington;  C.  S. 
Howe,  Cleveland;  D.  C.  Miller,  Cleveland;  H.  N.  Stokes,  Wash- 
ington; Elwood  Mead,  Washington;  E.  O.  Hovey,  New  York; 
C.  Judson  Herrick,  Denison;  C.  J.  Chamberlain,  Chicago; 
R.  B.  Dixon,  Cambridge;  F.  H.  Hitchcock,  Washington;  F.  S. 
Lee,  New  York. 

From  the  Association  at  Large. — -To  hold  over  until  successors 
are  elected.  A  Fellow  from  each  Section;  J.  M.  Van  Vleck,  Mid- 
dletown;  H.  S.  Carhart,  Ann  Arbor;  F.  W.  Clarke,  Washington ; 
J.  F.  Hayford,  Washington;  U.  S.  Grant,  Evanston;  C.  L.  Mar- 
LATT,  Washington;  G.  F.  Atkinson,  Ithaca;  W  J  McGee,  Wash- 
ington; Marcus  Benjamin,  Washington;  R.  H.  Chittenden,  New 
Haven. 

Front  the  Affiliated  Societies. — American  Chemical  Society:  F.  W. 
Clarke,  A.  C.  Hale;  Geological  Society  of  America:  N.  H.  Win- 
chell,  H.  L.  Fairchild;  Botanical  Society  of  America:  Arthur 
HoLLiCK,  H.  M.  Richards;  Society  for  the  Promotion  of  Agri- 
cultural Science:  W.  J.  Beal,  H.  E.  Alvord;  American  Microscop- 
ical Society:  J.  C.  Smith,  A.  M.  Holmes;  American  Psychological 
Association:  E.  C.  Sanford;  American  Society  of  Naturalists: 
W.  T.  Sedgwick;  Association  of  Economic  Entomologists:  E.  P. 
Felt,  James  Fletcher;  American  Anthropological  Association: 
W.  H.  Holmes,  Franz  Boas;  Astronomical  and  Astrophysical 
Society  of  America:  C.  L.  Doolittle,  G.  C.  Comstock  ;  American 
Physical  Society:    A.  G.   Webster,  Ernest  Merritt. 
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Local  Committees  for  the  Washington  Meeting.^ 


HONORARY  PRESIDENT. 

Honorable  Theodore   Roosevelt, 
President  of  the  United  States. 

PRESIDENT. 

Charles    D.    Walcott. 

HONORARY  VICE-PRESIDENTS. 

A.   Graham    Bell.  Michael  J.    Keane. 

Charles  J.    Bell.  S.    H.    Kauffmann. 

Henry    F.    Blouxt.  S.    P.   Langley. 

W.    [.    Boardmax.  H.    B.   F.   Macfarland. 

Thomas.   J   Coxaty.  George   W.    McLanahax. 

Jerome   P.    Daugherty.  Johx   R.    McLean. 

John  Joy   Edson.  Charles   W.   Needham. 

John   W.   Foster.  Simon   Newcomb. 

Melville   W.   Fuller.  Thomas   Nelson   Page. 

E.   M.   Gallaudet.  H.   C.    Perkins. 

T.    N.   Gill.  John   R.    Procter. 

D.  C.   Gillmax.  Herbert   Putxam. 
C.    C.   Glover.  Elihu    Root. 

A.    W.    Greelv.  H.    Y.   Satterlee. 

W.    T.    Harris.  "  Herbert   Wadsworth. 

Johx    B.    Hexdersox.  Thomas   F.    Walsh. 

E.  A.    Hitchcock.  B.    H.    Warner. 

Mrs.   Gardiner  G.    Hlbbard.      George   Westinghouse. 

Johx   A.   Cassox.  James   Wilson. 
S.    W.    Woodward. 

VICE-PRESIDENT. 

G.    K.    Gilbert. 

SECRETARY. 

Marcus    Benjamin. 

EXECUTIVE  COMMITTEE. 

Charles    D.    Walcott,   Chairman. 
Marcus    Bexjamix.  L.   O.    Howard. 

David  T.    Day.  George    M.    Kober. 

G.    K.    Gilbert.  W  J    McGee. 

Gilbert  H.   Grosvenor.  C.    E.   Munroe. 


*  For  full  membership  of  local  committees,  see  the  Preliminary  Announcement  of  the  Wash- 
ington meeting. 
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COMMITTEE  ON  RECEPTION  AND  ENTERTAINMENT. 

W   J    McGee,    Chairman. 

W.   C.    Whittemore,   Vicc-Chairman. 

Miss   Alice    Fletcher,    Secretary. 


COMMITTEE  ON   FINANCE, 

David   T.    Day,   Chairman. 
John  J.    Edson,   Vice-Chairman. 
Marcus    Baker.    Secretary. 

COMMITTEE  ON  MEETING  PLACES  AND  EQUIPMENT. 

C.    E.    M  UN  roe,    Chairman. 

W.   H.    Holmes,   Vice-Chairman. 

John   F.   Hayford,   Secretary. 

COMMITTEE  ON  HOTELS  AND  BOARDING  HOUSES. 

George    M.    Kober.   Chairman. 
Marcus   Baker,   Vice-Chairman. 
Walter    Hough,   Secretary. 

COMMITTEE  ON  TRANSPORTATION. 

Gilbert  H.  Grosvenor,  Chairman. 
Alfred  H.  Brooks,  Vice-Chairman. 
L.    M.    Hynson,    Secretary. 

COMMITTEE  ON   PRESS  AND   PRINTING. 

Marcus    Benjamin,   Chairman. 

W.    P.    Van    Wickle,   Vice-Chairman. 

C.   F.    Langworthy,   Secretary. 
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Officers  for  the  St.  Louis  Meeting. 


PRESIDENT. 

Carroll  D.  Wright,  Commissioner  of  Labor,  Washington,  D.  C. 

VICE-PRESIDENTS. 

A.  Mathematics  and  Astronomy — Otto    H.    Tittmann,  Coast    and 

Geodetic   Survey,   Washington,   D.   C. 

B.  Physics — E.  H.  Hall,  Harvard    University,   Cambridge,  Mass. 

C.  Chemistry — W.  D.   Bancroft,  Cornell  University,  Ithaca,  N.  Y. 

D.  Mechanical  Science  and  Engineering — C.  M.  Woodward,  Wash 

ington   University,   St.   Louis,   Mo. 

E.  Geology  and   Geography  —  1.  C.    Russell,   University   of    Michi- 

gan,  Ann  Arbor.   Mich. 

F.  Zoology — Edw.  L.  Mark,  Har\ard  University, Cambridge,  Mass. 

G.  Botany — T.  H.  MacBride,  University  of  Iowa,  Iowa  City,  Iowa. 
H.     Anthropology — M.  H.  Saville,  American    Museum  of   Natural 

History.      New    York,    N.    Y. 

I.  Social  and  Economic  Science — Simeon  E.  Baldwin,  New  Haven, 
Conn. 

K.  Physiology  and  Experimental  Medicine — H.  P.  Bowditch,  Har- 
vard University,  Cambridge,  Mass. 

PERMANENT  SECRETARY. 

L.  O.  Howard,  Cosmos  Club,  Washington,  D.  C. 

GENERAL  SECRETARY. 

Ch.  Wardell  Stiles,  Public  Health  and  Marine  Hospital  Service, 
Washington,    D.    C. 

SECRETARY  OF  THE  COUNCIL. 

Charles   S.    Howe,   Case   School,   Cleveland,   Ohio 
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SECRETARIES  OF  THE  SECTIONS. 

A.  Mathematics  and  Astronomy — L.  G.  Wei.d,   University  of  Iowa, 

Iowa  City,   Iowa. 

B.  Physics — Dayton    C.   Miller,   Case    School,   Cleveland,   Ohio. 

C.  Chemistry — C.  L.  Parsons,  Durham,  N.  H. 

D.  Mechanical  Science  and  Engineering — Wm.  T.   Magruder,  Ohio 

State    University,    Cohimbus,    Ohio. 

E.  Geology  and   Geography — G.  B.  Sh.^ttuck,  Johns  Hopkins  Uni- 

versity,   Baltimore,    Md. 

F.  Zoology — C.  JuDSON    Herrick,   Denison  University,  Granville, 

Ohio. 

G.  Botany — F.  E.  Lloyd,  Teachers'  College,  New  York,  N.  Y. 

H.     Anthropology — George     H.     Pepper.    American     Museum     of 

Natural  History,  New  York,  N.  Y. 
I.     Social   and    Economic    Science — J.  F.  Crowell,  U.  S.   Treasury 

Department,  Washington,   D.  C. 
K.     Physiology    and    Experimental    Medicine — F.   S.   Lee,    Columbia 

University,  New  York,  N.   Y. 


TREASURER. 

R.    S.    Woodward.   Columbia    Universitv. 
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Members  of  Council  for  the  St.  Louis  Meeting. 

Past  Presidents. — Simon  Newcomb,  Washington;  George  F. 
Barker,  Philadelphia;  George  J.  Brush,  New  Haven;  C.  A. 
Young,  Princeton;  Edward  S.  Morse,  Salem;  Samuel  P.  Lang- 
ley,  Washington;  T.  C.  Mendenhall,  Worcester;  George  L. 
Goodale,  Cambridge:  Albert  B.  Prescott,  Ann  Arbor;  Edward 
W.  MoRLEY,  Cleveland;  Theodore  Gill,  Washington;  Wolcott 
GiBBS,  Newport;  F.  W.  PutxNam,  Cambridge;  G.  K.  Gilbert,  Wash- 
ington; R.  S.  Woodward,  New  York;  C.  S.  Minot,  Boston:  Asaph 
Hall,  South   Norfolk;    Ira   Remsen,  Baltimore 

Vice-Presidents  of  the  Pittsburg  Meeting. — G.  W.  Hough,  Evans- 
ton;  W.  S.  Franklin,  South  Bethlehem;  H.  A.  Weber,  Columbus; 
J.  J.  Flather.  Minneapolis;  O.  A.  Derby,  Sao  Paulo;  C.  C.  Nut- 
ting, Iowa  City;  D.  H.  Campbell,  Stanford  University;  Stewart 
CuLiN,  Philadelphia;  Carroll  D.  Wright,  Washington;  W.  H. 
Welch,    Baltimore. 

Vice-Presidents  of  the  Washington  Meeting. — George  Bruce 
Halsted,  Austin:  E.  F.  Nichols,  Hanover;  Charles  Basker- 
ville.  Chapel  Hill;  C.  A.  Waldo,  Lafayette;  Wm.  M.  Davis, 
Cambridge;  C.  W.  Hargitt,  Syracuse;  F.  V.  Coville,  Wash- 
ington; George  A.  Dorsev,  Chicago;  H.  T.  Newcomb,  Phila- 
delphia;  W.   H.  Welch,  Baltimore. 

Officers  for  the  St.  Louis  Meeting. — Carroll  D.  Wright,  Wash- 
ington; O.  H.  Tittmann,  Washington:  E.  H.  Hall,  Cambridge; 
W.  D.  Bancroft,  Ithaca;  C.  M.  Woodward,  St.  Louis;  I.  C. 
Russell,  Ann  Arbor:  E.  L.  Mark,  Cambridge:  T.  H.  MacBride, 
Iowa  City:  M.  H.  Saville,  New  York;  S.  E.  Baldwin,  New 
Haven;  H.  P.  Bowditch,  Cambridge:  L.  O.  Howard,  Washing- 
ton; Ch.  Wardell  Stiles,  W^ashington;  Charles  S.  Howe, 
Cleveland:  L.  G.  Weld.  Iowa  City ;  Dayton  C.  Miller,  Cleveland; 
C.  L.  Parsons,  Durham;  Wm.  T.  Magruder,  Columbus;  G.  B. 
Shattuck.  Baltimore;  C.  Judson  Herrick,  Granville;  F.  E. 
Lloyd,  New  York:  Geo.  H.  Pepper,  New  York:  J.  F.  Crowell, 
Washington:  F.  S.  Lee,  New  York;  R.  S.  Woodward,  New 
York. 

From  the  Association  at  Large. — To  hold  over  until  successors  are 
elected.  A  Fellow  from  each  Section:  J.  M.  Van  Vleck,  Middle- 
town;  H.  S.  Carhart,  Ann  Arbor;  F. 'W.  Clarke,  Washington; 
J.  F.  Hayford,  Washington:  LT.  S.  Grant,  Evanston;  C.  L.  Mar- 
latt,  Washington;  G.  F.  Atkinson,  Ithaca;  W  J  McGee,  Wash- 
ington; Marcus  Benjamin,  Washington;  R.  H.  Chittenden,  New 
Haven. 

Elected  by  the  Council.  —  (For  one  year)  J.  McK.  Cattell,  U.  S. 
Grant,  Wm.  Kent:  (for  two  years)  J.  M.  Coulter,  A.  A.  No  yes, 
H.  F.  Osborn:  (for  three  ve'ars)  Franz  Boas,  E.  L  Nichols, 
W.  F.  Wilcox. 

From  the  Affiliated  Societies. — American  Chemical  Society:  John 
H.  Long,  Wm.  A.  Noyes;  Geological  Societj^  of  America:  N.  H. 
Winchell,  H.  L.  Fairchild;  Botanical  Society  of  America:  Arthur 
HoLLiCK,  H.  M.  Richards;  Society  for  the  Promotion  of  Agri- 
cultural Science:  W,  J.  Beal,  H,  E.  Alvord;  American  Microscop- 
ical Society:  J.  C.  Smith,  A,  M.  Holmes;  American  Psychological 
Association:  E.  C.  Sanford;  American  Society  of  Naturalists: 
W.  T.  Sedgwick;  Association  of  Economic  Entomologists:  E.  P. 
Felt,  James  Fletcher;  American  Anthropological  Association: 
W.  H."  Holmes,  Franz  Boas:  Astronomical  and  Astronhysical 
Societv  of  America:  C.  L.  Doolittle,  G.  C.  Comstock:  American 
Physical  Society:  A.  G.  Webster,  Ernest  Merritt;  Society  of 
American  Bacteriologists:   W.   H.  Welch. 


special  Committees  of  the  Association.' 


I.   Auditors. 
Emory  McClintock,  Morristown,  and  G.  K.  Gilbert,  Washington. 

2.  Committee  on  Indexing  Chemical  Literature. 

H.  Carrixgton  Bolton,  Chairman,  F.  W.  Clarke,  H.  W.Wiley, 
A.  B.  Prescott,  Alfred  Tuckerman. 

3.  Committee  on  the  Policy  of  the  Association. 

The  President,  Chairman,  The  Permanent  Secretary,  The 
Treasurer,  C.   S.  Minot,  H.  L.  Fairchild,  James  Lewis  Howe. 

4.    Committee    on    Standards    of    Measurements. 
T.  C.  Mendenhall,  Chairman,  E.  W.  Morley,  E.  L.  Nichols, 
R.    S.    Woodward,    H.    S.    Carhart.      With   power  to   add  to  its 
number. 

5.    Committee  on  the  Association  Library. 
F.    W.    Clarke,    Chairman,    A.    W.    Butler,    W.    L.    Dudley, 
Thomas    French,    Jr. 

6.    Committee  on  Anthropometric  Aleasurements. 
J.  McK.  Cattell,  W.  W.   Newell,  W  J   McGee,  Franz   Boas. 

7.    Committee  for  the  Collection  of  Information  Relative  to  Forestry. 
W.  H.  Brewer,  Chairman,  Gifford  Pinchot,  Arnold  Hague. 

8.    Committee  on  the  Quantitative  Study  of  Biological  Variation. 
Franz  Boas,  Chairman,  J.  McK.  Cattell,  C.  S.   Minot,  C.  H. 

ElGENMANN,     C.      B.      DaVENPORT. 

9.    Committee    on    the    Protection     and     Preservation    of    Objects    of 
Archaeological   Interest. 

,    Chairman,    F.    W.    Putnam,    N.    H.    Winchell, 

G.  K.  Gilbert,  A.  W.  Butler,  George  A.  Dorsey. 

10.    Committee  on  the  Study  of  Blind  Vertebrates. 
Theodore   Gill,   Chairman,   A.   S.    Packard,   C.   O.   Whitman, 
S.  H.  Gage,  H.  C.  Bumpus,  C.  H.  Eigenmann. 

'All  Committees  are  e.xpected  to  present  their  reports  to  the  Council  not  later  than  the 
third  day  of  the  meeting.  Committees  sending  their  reports  to  the  Permanent  Secretary  one 
month  before  a  meeting  can  have  them  printed  for  use  at  the  meeting 
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SPECIAL    COMMITTEES    OF    THE     ASSOCIATION. 

II.    Committee  on  the  Teaching  of  Anthropology  in  America. 

W  J   McGee,   Chairman.   G.   G.    MacCurdy,    Frank    Russell, 
Franz   Boas.   W.    H.    Holmes. 

12.    Committee    on    the    Relations    of    the    Journal    Science    witli    the 

Association. 

Simon  Newcomb,  Chairman,  G.  K.  Gilbert.  J.  McK.  Cattell, 
The   President,   The   Permanent  Secretary. 

13.    Committee  on  the  Relations  of  Plants  and  Climate. 

William    Trelease,    Chairman.     D.     T.     MacDougal,    J.     M. 
Coulter. 

14.    Committee  on  the  Atomic  Weight  of  Thorium. 

Charles     Baskerville,    Chairman,     F.     P.     Venable,    James 
Lewis   Howe. 

15.    Committee  on  the  Velocity  of  Light, 
W.  S.  Franklin,  Chairman,  D.  B.  Brace,  E.  F.  Nichols. 
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Meetings 

Place 

Date 

Members  in 
attendance 

Number  of 
members 

I 

Philadelphia 

Sept.  20,  1S48 

? 

461 

2 

Cambridge 

Aug.   14,  1849 

9 

540 

3 

Charleston 

Mar.  12,  1850 

9 

622 

4 

New  Haven 

Aug.  19,  1850 

? 

704 

5 

Cincinnati 

May     5,  1851 

87 

800 

6 

Albany 

Aug.   10,  1851 

194 

769 

7 

Cleveland 

July    28,  1853 

9 

• 

940 

8 

Washington 

April  26,  1854 

168 

1004 

9 

Providence 

Aug.   15,  1855 

166 

605 

lO    ♦ 

2d  Albany 

Aug.  20,  1856 

381 

722 

II 

Montreal 

Aug.  12,  1S57 

351 

946 

12 

Baltimore 

April  28,  1858 

190 

962 

13 

Springfield 

Aug.     3,  1859 

190 

862 

M 

Newport 

Aug.     I,  i860 

135 

644 

15 

Buffalo 

Aug.  15,  1866 

79 

637 

i6 

Burlington 

Aug.  21,  1867 

73 

4t5 

17 

Chicago 

Aug.     5,  1868 

259 

686 

iS 

Salem 

Aug.  18,  1869 

244 

511 

'9 

Troy 

Aug.   17,  1870 

18S 

536 

20 

Indianapolis 

Aug.   16,  1871 

196 

668 

21 

Dubuque 

Aug.  15,  1872 

164 

610 

22 

Portland 

Aug.  20,  1873 

195 

670 

23 

Hartford 

Aug.   12,  1874 

224 

722 

24 

Detroit 

Aug.  II,  1875 

165 

807 

25 

2d  Buffalo 

Aug.  23,  1876 

215 

867 

26 

Nashville 

.Aug.  29,  1877 

173 

953 

27 

St.  Louis 

Aug.  21,  1878 

134 

962 

28 

Saratoga 

Aug.  27,  1879 

256 

1030 

29 

Boston 

Aug.  25,  1880 

997 

1555 

30 

2d  Cincinnati 

Aug.  17,  1881 

500 

1699 

3' 

2d  Montreal 

Aug.  23,  1882 

937 

1922 

32 

Minneapolis 

Aug.  15,  1883 

328 

2033 

33 

2d  Philadelphia 

Sept.     3,  1884 

1261* 

1981 

34 

Ann  Arbor 

Aug.  26,  1885 

364 

1956 

35 

3d  Buffalo 

Aug.   18,  i836 

445 

1886 

36 

New  York 

Aug.  10,  1887 

729 

1956 

37 

2d  Cleveland 

Aug.   14,  18E8 

342 

1964 

38 

Toronto 

Aug.  26,  1889 

424 

1952 

39 

2d  Indianapolis 

Aug.   19,  1890 

364 

1944 

40 

2d  Washington 

Aug.  ig,  1891 

653t 

2054 

41 

Rochester 

-■Aug.  17,  1892 

456 

2037 

42 

Madison 

Aug.  17,  1893 

290 

1939 

43 

Brooklyn 

Aug.  15,  1894 

488 

1802 

44 

2d  Springfield 

Aug.  28,  1895 

368 

1913 

45 

4th  Buffalo 

Aug.  24,  1896 

333 

1890 

46 

2d  Detroit 

Aug.     9,  1897 

283J 

1782 

47 

2d  Boston 

Aug.  22,  189S 

9°3 

1729 

48 

Columbu'i 

Aug.  21,  1899 

353 

1721 

49 

2d  New  York 

June  25,  1900 

434 

1925 

50 

Denver 

Aug.  24,  1901 

311 

2703 

51 

Pittsburg 

June  2S  to  July  3,  1902. 

435 

3473 

52 

3d  Washington 

Dec.  27,  1902,  to  Jan.  2, 1903. 

975 

3596 

*  Including  303  Members  of  the  British  Association  and  9  other  foreign  guests, 
t  Including  24  Foreign  Honorary  Members  for  the  meeting. 
■{:  Including  15  Foreign  Honorary  Members  and  Associates  for  the  meeting. 
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Officers  of  the  Meetings  of  the  Association. 


[The  number  before  the  name  is  that  of  the  meeting;  the  year  of 
the  meeting  follows  the  name;  the  asterisk  after  a  name  indicates 
that   the    member  is   deceased.] 

PRESIDENTS. 


I  Wm.    B.    Rogers,*    1848.  28.  G.     F.     Barker,     1879. 

i  W.    C.    Redfield,*    1848.  29.  Lewis    H.    Morgan,*    1880. 

2.  Joseph  Henry,*   1849.  30.  G.    J.    Brush,    1881. 

3.  (A.      D.      Bache,*     March  31.  J.    W.    Dawson,    1882. 
j  meeting,   1850,  in  the  ab-  32.  C.    A.    Young,     1883. 

4.  -J  sence  of  Joseph  Henry.*  ^t,.  J.    P.    Lesley,     1S84. 

I  August   meeting,    1850.  34.  H.     A.     Newton,*     1885. 

5.  (^May    meeting,     1851.  35.  Edward  S.  Morse,   18S6. 

6.  Louis    Agassiz,*   August  36.  S.    P.    Langley,    18S7. 

meeting,    1851.  37.  J.    W.    Powell,*    1888. 

(No    meeting   in    1852.)  38.  T.    C.    Mendenhall,     1889. 

7.  Benjamin     Pierce,*     1853.  39.  G.  Lincoln  Goodale,  1890. 

8.  James  D.  Dana,*    1854.  40.  Albert  B.  Prescott,  1891. 

9.  John    Torrey,*     1855.  4i-  Joseph  LeConte,*   1892. 

10.  James   Hall,*    1856.  42.  William  Harkness,*  1893. 

f  Alexis    Caswell,*    1857,  43.  Daniel  G.  Brinton,*  1894. 

11.  j  in  place  of  J.  W.  Bailey,*  44.  E.    W.    Morley,    1895. 

1  deceased.    1858,  in  the  ab-  TEdward   D.   Cope,*   1896. 

12.  Lsence  of  Jeffries  Wyman.*  45.  !  Theodore  Gill,  as  senior 

13.  Stephen  Alexander, *i859.  |  vice-president  acted  after 

14.  Isaac     Lea,*    i860.  [the  death  of  Prof.    Cope. 

(No  meetings  for  1861-65.)  TWolcott     Gibbs,*     1897, 

15.  F.    A.    P.    Barnard,*    1866.  46.  -;  absent.  W  J  McGee,  Act- 

16.  J.    S.    Newberry,*    1867.  I  ing    President. 

17.  B.    A.     Gould,*     1868.  47-  F.    W.    Putnam,    1898. 

18.  J.    W.    Foster,*    1869.  TEdward     Orton,*     1899. 

19.  T.     Sterry     Hunt,*     1870,  Grove  K.   Gilbert,  elec- 

in    the  absence    of     Wm.  |  ted  by  the   General   Com- 

Chauvenet.*  48.  -{  mittee     December,     1899, 

20.  Asa   Gray,*    187  i.  I  to  fill  the  vacancy  caused 

21.  J.  Lawrence  Smith,*  1872.  by     the     death     of     Prof. 

22.  Joseph     Lovering,*     1873.  \  Orton. 

23.  J.     L.     LeConte,*     1874.  49.  R.    S.    Woodward,    1900. 

24.  J.    E.    Hilgard,*   1875.  50.  C.  S.   Minot,   1901. 

25.  William  B.  Rogers,*  1876.  51.  Asaph    Hall,    1902. 

26.  Simon     Newcomb,     1877.  52.  Ira  Remsen,  1903. 

27.  O.     C.     Marsh,*     1878.  53.  Carroll  D.  Wright,  1904. 
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OFFICERS    OF    THE    MEETINGS    OF    THE    ASSOCIATION. 


VICE-PRESIDENTS. 
There  were  no  Vice-Presidents  until  the  iith  meeting  when 
there  was  a  single  Vice-President  for  each  meeting.  At  the  24th 
meeting,  the  Association  met  in  Sections  A  and  B,  each  presided 
over  by  a  Vice-President.  At  the  31st  meeting  nine  sections  were 
organized,  each  with  a  Vice-President  as  its  presiding  officer.  In 
1S86  Section  G  (Microscopy)  was  given  up.  In  1892,  Section  F 
was  divided  into  F,  Zoology;  G,   Botany. 

1857-1874. 
ir.   Alexis     Caswell,*      1857,      17.    Chas.    Whittlesey,*    1868. 


acted  as  President. 

12.  John  E.  Holbrook,*  1858, 

not   present. 

13.  Edward  Hitchcock,*  1859. 

14.  B.    A.    Gould,*    i860. 

15.  B.  A.   Gould,*    1866,  in  the 
absence   of   R.    W.    Gibbes. 

16.  WOLCOTT    GiBBS,*     1867. 


Sect-ion    A. — Mathematics,    Phys 
ics,    and    Chemistry. 

24.  H.  A.   Newton,*   1875. 

25.  C.    A.    Young,    1876. 

26.  R.     H.     Thurston,       1877, 

in   the  absence   of    E.   C. 
Pickering. 

27.  R.    H.    Thurston,    187S. 

28.  S.   P.   Langley,   1879. 

29.  Asaph    Hall,     1880. 

30.  Wm.    Harkness,*    1881,  in 
the  absence  of  A.M.Mayer.* 

Chairmen   of   Subsections,    1875-1S81 


18.  Ogden    N.    Rood,    1869. 

19.  T.     Sterry     Hunt,*     1870, 
acted    as    President. 

20.  G.    F.    Barker,    1871. 

21.  Alex.     Winchell,*      1872, 

22.  A.     H.     Worthen,*     1873. 
not    present. 

23.  C.  S.   Lyman,*   1874. 
^875-1881. 

Section   B. — Natural   His- 
tory. 

24.  J.    W.    Dawson,    1875. 

25.  Edward    S.     Morse,     1876- 

26.  O.     C.     Marsh,*     1877. 

27.  Aug.    R.    Grote,    1878. 

28.  J.    W.    Powell,*    1879. 

29.  Alex.     Agassiz,     1880. 

30.  Edward  T.  Cox,  i88r,  in 
the  absence  of  George 
Engelmann.* 


Subsection     of     Cheinistry. 

24.  S.    W.   Johnson,    1875. 

25.  G.     F.     Barker,     1876. 

26.  N.    T.    LuPTON,*    1877. 
F.    W.   Clarke,    1878. 


27 


E.    W.    Morley,    1879. 

29.  S.    A.    Lattimore,    1880. 

30.  A.  B.  Hervey,   1881. 
Subsection    of    AntJiropology. 

24.    Lewis    H.    Morgan,*    1875. 


28.    F.  W.  Clarke,   1879,  in  the      25.    Lewis    H.    Morgan,*    1876, 


absence  of  Ir.\   Remsen. 

29.  J.    M.    Ordway,     1S80. 

30.  G.    C.    Caldwell,    1881,    in 

the   absence   of   W.    R. 
Nichols.* 
Subsection    of     Microscopy. 

25.  R.   H.   Ward,    1876. 

26.  R.    H.    Ward,    1877. 

27.  R.    H.    Ward,    1S7S,   in   the 

absence  of  G.  S.  Blackie.* 


26.  Daniel  Wilson,*  1877,  not 

present. 

27.  United    with    Section    B. 
28.'|Daniel    Wilson,*    1879. 

29.  J.  W.  Powell,*  1880. 

30.  Garrick    Mallery,*    1881. 
Subsection     of     Entomology. 

30.   J.    G.    Morris,*    1881. 
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Vice-Presidents   of   Sections,    1882- 


Section  A. — Mathematics  and 
Astronomy. 

31.  W.  A.  Rogers,*  1882,  in  the 
absence  of  Wm.  Harkness.* 

32.  W.  A.  Rogers,*  1883. 
iS-    H.  T.   Eddy,   1884. 

34.  Wm.    Harkness,*    1885,    in 

the   absence   of  J.  M.  Van 
Vleck. 

35.  J.    W.    GiBBS,*    1886. 

36.  J.     R.     Eastman,     1887,    in 

place  of  W.Ferrel,*  res'd. 

37.  Ormond    Stone,    1888. 

38.  R.    S.    Woodward,     1889. 

39.  S.   C.   Chandler,    1890. 

40.  E.  W.  Hyde,  1891. 

41.  J.   R.   Eastman,    1892. 

42.  C.    L.    DooLiTTLE,    1S93. 

(  G.     C.     COMSTOCK,     1894. 

i  Edgar     Frisby,     1894. 

44.  Edgar  Frisby, 1895,  in  place 

of  E.H.Holden,  resigned. 

45.  Alex.    Macfarlane,     1896, 

in  place  of  Wm.  E.  Story, 
resigned. 

46.  W.    W.     Beman,     1897. 

47.  E.    E.    Barnard,     1898. 

48.  Alex.    MacFarlane,    1899. 

49.  Asaph    Hall,    Jr.,    1900. 

50.  James  MacMahon,    1901. 

51.  G.    W.    Hough,    1902. 

52.  George     Bruce     Halsted, 

1903. 

53.  O.  H.  Titt.mann.  1904. 
Section      B. — Physics. 

31.  T.   C.   Mendenhall,    1882. 

32.  H.    A.     Rowland,*     1883. 

33.  J.    Trowbridge,    1884. 

34.  S.     P.     Langley,     1885,    in 
place  of  C.F.Brackett,  res'd. 

35.  C.     F.     Brackett,     1886. 

36.  W.    A.    Anthony,    1887. 

37.  A.    A.    Michelson,    1888. 

38.  H.  S.  Carhart,  1889. 


39.  Cleveland    Abbe,    1890. 

40.  F.     E.     Nipher,     1891. 

41.  B.   F.  Thomas,    1892. 

42.  E.    L.    Nichols,    1893. 

43.  Wm.     a.     Rogers,     1894. 

44.  W.LeConte  Stevens,  1895. 

45.  Carl    Leo     Mees,     1896. 

46.  Carl    Barus,    1897. 

47.  F.   P.   Whitman,    1898. 

48.  Elihu     Thomson,     1899. 

49.  Ernest    Merritt,     1900. 

50.  D.   B.   Brace,    1901. 

51.  W.    S.    Franklin,     1902. 

52.  Ernest  F.  Nichols,  1903. 

53.  E.  H.  Hall,  1904. 
Section      C. — Chemistry. 

31.  H.    C.    Bolton,    1882. 

32.  E.   W.   Morley,    1883. 

33.  J.    W.    Langley,    1884. 

34.  N.  T.  Lupton,*  1885,  in  the 

absence  of  W.  R.  Nichols. 

35.  H.   W.   Wiley,    1886. 

36.  A.   B.   Prescott,    1887. 

37.  C.     E.     MUNROE,     1888. 

38.  W.  L.  Dudley,   1889. 

39.  R.    B.    Warder,    1890. 

40.  R.   C.    Kedzie,    1891. 

41.  Alfred   Springer,    1892. 

42.  Edward    Hart,     1893. 

43.  T.    H.    Norton,    1S94. 

44.  Wm.     McMurtrie,     1895. 

45.  W.   A.    Noyes,    1896. 

46.  W.  P.  Mason,  1897. 

47.  Edgar    F.    Smith,     1898. 

48.  F.    p.    Venable,    1899. 

49.  Jas.   Lewis   Howe,    1900. 

50.  John    H.    Long,    1901. 

51.  H.   A.   Weber,    1902. 

52.  Charles    Baskerville, 

1903. 

53.  W.  D.  Bancroft.  1904. 
Section   D. — Mechanical  Science 

and  Engineering. 
31.   W.   P.  Trowbridge,*   1882. 
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Vice-Presidents   of   Sections,   Continued. 


32.    DeVolson  Wood,    1883,   ab- 
sent, but  place  was  not  filled. 
R.    H.    Thurston,    1884. 
J.  Burkitt  Webb,  1885. 
O.  Chanute,   1886. 
E.   B.   CoxE,    1887. 
C.  J.    H.   Woodbury,    1888. 
38.   James  E.   Denton,   1889. 
39-   James     E.     Denton,     1890, 
in  place  of  A.  Beardsley, 
absent. 
Section   D — Mechanical    Science 
and    Engineering,    continued. 

40.  Thomas     Gray,     1891. 

41.  J.  B.  Johnson,   1892. 

42.  S.    W.    Robinson,    1S93. 

43.  Mansfield  Merriman,  1894. 

44.  William  Kent,   1895. 

45.  Frank  O.  Marvin,  1896. 

46.  John    Galbraith,     1897. 

47.  John    Galbraith,    1898,   in 

the  absence  of  M.E.Cooley. 

48.  Storm    Bull,    1899. 

49.  John    A.    Brashear,    1900. 

50.  H.  S.  Jacoby,   1901. 
■51.   J.    J.    Flather,     1902. 

52.  Clarence   A.  Waldo,  1903. 

53.  C.  M.  Woodward,  1904. 
Section    E. — Geology    and 

Geography. 

31.  E.    T.    Cox,    1882. 

32.  C.    H.    Hitchcock,    1883. 

33.  N.    H.    WiNCHELL,    1884. 

34.  Edward    Orton,*     1885. 

35.  T.    C.    Chamberlin,    1886. 

36.  G.   K.   Gilbert,   1887. 

37.  George  H.  Cook,*  1888. 

38.  Charles  A.  White,  1889. 

39.  John  C.  Branner,  1890. 

40.  J.  J.  Stevenson,  1891. 

41.  H.    S.    Williams,    1892. 

42.  Charles  D.  Walcott,  1893. 

43.  Samuel    Calvin,     1894. 

44.  Jed.   lioTCHKiss,  1895. 


45.    B.    K.    Emerson,    1896. 
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I.     C.     White,     1897. 


E.    W.    Claypole,*    1897. 

47.  H.    L.    Fairchild,    1898. 

48.  J.    F.    Whiteaves,    1899. 

49.  J.   F.   Kemp,    1900. 

50.  C.  R.  Van  Hise,  1901. 

51.  Joseph  A.  Holmes,  1902,  in 

the     absence     of    O.     A. 
Derby. 

52.  Wm.    M.    Davis,    1903. 

53.  I.  C.  Russell,  1904. 
Section  F. — Biology,   18S2-1892. 

31.  W.  H.  Dall,  1882. 

32.  W.    J.    Beal,    1883. 

33.  E.    D.   Cope,*    1884. 

34.  T.  J.   Burrill,   1885,  in  the 

absence  of  B.  G.  Wilder. 

35.  H.    P.    Bowditch,    1886. 

36.  W.    G.    Farlow,    1887. 

37.  C.   V.    Riley,*    1888. 

38.  George  L.  Goodale,    1889. 

39.  C.  S.   Minot,   1890. 

40.  J.   M.   Coulter,    1891. 

41.  S.    H.    Gage,    1892. 

Section    F. — Zoology. 

42.  Henry  F.  Osborn,   1893. 

43.  J.  A.  Lintner,*  1894,  in 
place  of  S.  H.  Scudder,  re- 
signed. 

44.  L.     O.     Howard,     1895,    in 

place  of  D.  S.  Jordan,  res'd. 

45.  Theo.    Gill,    1896. 

46.  L.  O.  Howard,  1897,  i^i 
place  of  G.  Brown  Goode,* 
deceased. 

47.  A.   S.    Packard,    1898. 

48.  S.    H.   Gage,    1899. 

49.  C.    B.    Davenport,    1900. 

50.  D.  S.  Jordan,    1901. 

51.  E.  L.  Mark,  1902,  in  the  ab- 

sence of  C.  C.  Nutting. 

52.  C.  W.  Hargitt,  1903. 

53.  E.  L.  Mark,  1904. 
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Section  G.  Microscopy,   18S2-S5. 

31.  A.    H.   TUTTLE,    18S2. 

32.  J.    D.    Cox,    1883. 

33.  T.      G.      WORMLEY,*      1884. 

34.  S.     H.     Gagk,     1885. 
(Section  united  with  F  in  1886) 

Section    G. — Botany. 
42.   Charles   E.    Bessey,    1893. 
j  L.  M.   Underwood,   1894. 
^  C.    E.    Bessey,    1894. 

44.  J.  C.  Arthur,  1895. 

45.  N.    L.    Britton,    1896. 

46.  G.  F.  Atkinson,   1897. 

47.  W.  G.   Farlow,   1898. 

48.  C.     R.     Barnes,     1899. 

49.  W.    Trelease,    1900. 

50.  B.    T.    Galloway,    1901. 

51.  C.   E.   Bessey,    1902,  in  the 

absence    of    D.    H.    Camp- 
bell. 

52.  F.  V.  Coville,    1903. 

53.  T.  H.  MacBride,  1904. 
Section  H. — Anthropology. 

31.  Alex.    Winchell,*    1882. 

32.  Otis  T.  Mason,   1883. 
2,T,.    Edward  S.  Morse,   1884. 

34.  J.     Owen     Dorsey,*     1885, 
in  the  absence  of  W.  H.  Dall. 

35.  Horatio     Hale,*     1886. 

36.  D.     G.     Brinton,*     1887. 

37.  Charles   C.    Abbott,    1888. 

38.  Garrick    Mallery,*    1S89. 

39.  Frank  Baker,   1890. 

40.  Joseph  Jastrow,   1891. 

41.  W.    H.    Holmes,    1892. 

42.  J.    Owen    Dorsey,*    1893. 

43.  Franz     Boas,     1894. 

44.  F.    H.    Cushing,*    1895. 

45.  Alice  C.  Fletcher,   1896. 

46.  W  J   McGee,    1897. 

47.  J.    McK.    Cattell,    1898. 


48.  Thomas    Wilson,*    1899. 

49.  A.    W.   Butler,    1900. 

50.  J.    Walter   Fewkes,    1901. 

51.  Stewart     Culin,      1902. 

52.  Geo.  a.  Dorsey,  1903. 

53.  M.  H.  Saville,  1904. 
Section  I. — Social  and  Economic 

Science. 

31.  E.    B.    Elliott,*    1882. 

32.  Franklin  B.  Hough, *i883. 
S3-  John     Eaton,*     1884. 

34.  Edward    Atkinson,     1885. 

35.  Joseph    Cummings,*     1886. 

36.  H.   E.  Alvord,   1887. 

37.  Charles  W.  Smiley,    1888. 

38.  Charles    S.    Hill,    1889. 

39.  J.    Richards   Dodge,    1890. 

40.  Edmund  J.  James,    1891. 

41.  L.  F.  Ward,  1892,  in  place 
of  S.  D.  HoRTON,*  resigned. 

42.  William  H.  Brewer,  1893. 

43.  Henry  Farquhar,   1894. 

44.  B.    E.    Fernow,    1895. 

45.  W.    L.    Lazenby,    1896. 

46.  R.    T.    CoLBURN,    1897. 

47.  Archibald    Blue,    1898. 

48.  Marcus  Benjamin,  1899. 

49.  Marcus     Benjamin,     1900, 

in  the  absence  of    C.    M. 
Woodward. 

50.  John    Hyde,    1901. 

51.  John  Hyde,  1902,  in  the  ab- 
sence of  Carroll  D.  Wright. 

52.  H.  T.  NEv.rcoMB,  1903. 

53.  Simeon   E.  Baldwin,  1904. 
Section  K. — Physiology  and  Ex- 
perimental   Medicine. 

51.  W.   H.  Welch,   1902. 

52.  W.  H.  Welch,  1903. 

53.  H.  P.  BowDiTCH,  1904. 
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General    Secretaries,     1848- 
T.    Walter  R.  Johnson,*  1848 

2.  E.   N.   HoRSFORD,*   1849,  in 

the   absence   of  Jeffries 
Wyman.* 

3.  L.  R.  Gibbs,  1850,  in  the  ab- 
sence  of    E.    C.    Herrick.* 

4.  E.     C.     Herrick,*     1S50. 

5.  Wm.    B.    Rogers,*    1851,  in 
the  absence  of  E.  C.  Herrick. 

6.  Wm.    B.    Rogers,*    1851. 

7.  S.   St.  John,*    1853,  in  the 

absence  of  J.    D.   Dana.* 

8.  J.  Lawrence  Smith,*  1854. 

9.  WoLCOTT  Gibbs,   1855. 

10.  B.  A.   Gould,*   1856. 

11.  John  L.  LeConte,*  1857. 

12.  W.M. Gillespie, *i858, in  the 
absence  of  Wm.Chauvenet,* 

13.  Wm.   Chauvenet,*    1859. 

14.  Joseph     LeConte,*      i860. 

15.  Elias  Loomis,*  1866,  in 
the  absence  of  W.  P.  Trow- 
bridge.* 

16.  C.     S.     Lyman,*     1867. 

17.  Simon    Newcomb,    186S,   in 
the  absence  of  A.P.Rockwell. 

18.  O.     C.     Marsh,*     1869. 

19.  F.  W.  Putnam,  1870,  in  the 

absence  of  C.   F.    Hartt.* 

20.  F.    W.    Putnam,    1871. 

21.  Edward    S.    Morse,     1872. 

22.  C.    A.    White,    1873. 

23.  A.  C.   Hamlin,    1874. 

24.  S.   H.   Scudder,    1875. 

25.  T.    C.    Mendenhall,    1876. 

26.  Aug.  R.  Grote,   1877. 

27.  H.    C.    Bolton,    1878. 

28.  H.  C.   Bolton,   1879,  in  the 
absence  of  George  Little. 

29.  J.    K.    Rees,    1880. 

30.  C.    V.    Riley,*    18S1. 

31.  William    Saunders,    1882. 


32.  J.    R.   Eastman,    1883. 

33.  Alfred  Springer,    1884. 

34.  C.    S.    Minot,    1885. 

35.  S.    G.    Williams,*    1886. 

36.  William  H.   Pettee,   1887. 

37.  Julius   Pohlman,    1888. 

38.  C.    Leo   Mees,    1889. 

39.  H.  C.   Bolton,    1890. 

40.  H.    W.    Wiley,    1891. 

41.  A.  W.   Butler,   1892. 

42.  T.    H.    Norton,    1893. 

43.  H.  L.  Fairchild,   1894. 

44.  Jas.   Lewis  Howe,    1895. 

45.  Charles  R.  Barnes,  1896. 

46.  Asaph  Hall,  Jr.,   1897. 

47.  J.  McMahon,  1898,  in  place 
of  D.S.KELLicoTT,*deceased. 

48.  F.    Bedell,    1899. 

49.  Chas.    Baskerville,    1900. 

50.  John  M.  Coulter,  1901,  in 

the    absence    of    William 
Hallock. 

51.  D.     T.     MacDougal,     1902. 

52.  Henry  B.  Ward,   1903. 

53.  C.  W.  Stiles,  1904. 
Permanent     Secretaries,     1851- 
5-7.    Spencer  F.  Baird,*i85i-4 
8-17.   Joseph     Lovering,*i854 

-68. 
1 8.    F.  W.  Putnam,  1869,  in  the 

absence  of  J.   Lovering.* 
19-21.  Joseph  Lovering,*  1870 

-73- 
22-46.  F.  W.  Putnam,  1873-98. 
47-54.  L.  O.  Howard,  1898-05. 
Assistant    General   Secretaries, 
1882-1S87. 

31.  J.  R.  Eastman,  1882. 

32.  Alfred   Springer,    1883. 

33.  C.  S.  Minot,  1S84,  in  the  ab- 

sence of  E.  S.   Holden. 

34.  S.  G.  Williams,*  1885,  in  the 

absence  of  C.   C.   Abbott. 
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Secretaries,   Continued. 
W.    H.    Pettee,    iS86. 


35- 

36.  J.   C.   Arthur,    1S87. 
Secretaries  of  the  Council,   1888- 

37.  C.  Leo  Mees,   1888. 

38.  H.  C.   Bolton,    1889. 

39.  H.   W.   Wiley,    1S90. 

40.  A.    W.    Butler,    1891. 

41.  T.    H.    Norton,    1892. 

42.  H.  Leroy  Fairchild,  1893. 

43.  Jas.    Lewis  Howe,    1894. 

44.  Charles  R.  Barnes,  1895. 

45.  Asaph    Hall,    Jr.,    1896. 

46.  D.   S.    Kellicott,*    1S97. 

47.  Frederick    Bedell,    1898. 


Secretaries  of  Section  A. — Mathe- 
matics, Physics  and  Chemistry^ 
1875-1S81. 

\  S.     P.     Langley,     1875. 
/  T.  C.  Mendenhall,  1875. 
A.    W.    Wright,    1876. 
H.  C.   Bolton,   1877. 
F.   E.    Nipher,    1S78. 
J.    K.    Rees,    1S79. 
H.  B.  Mason,  1880. 
E.T.Tappan,  1881,  in  the  ab- 
sence of  Jno.  Trowbridge. 
Secretaries    of   Section    B. — Nat- 
ural   History,     1874-1881. 
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48.   CharlesBaskerville,i899.      24.    Edward  S.  Morse,  1875. 


49.  William     Hallock,     1900. 

50.  D.  T.  MacDougal,   1901. 

51.  H.  B.  Ward,   1902. 

52.  Ch.  Wardell  Stiles,  1903. 

53.  Chas.  S.  Howe,  1904. 


25.  Albert    H.    Tuttle,    1876. 

26.  William  H.   Dall,   1877. 

27.  George    Little,     1878. 

28.  Wm.   H.   Dall,   1879,  i^  the 
absence  of  A.  C.  Wetherby. 

29.  Charles   V.    Riley,*    1880. 

30.  William    Saunders,    1881. 


Secretaries    of   Subsections,    1875-18S1. 


Subsection    of    Chemistry. 
24.    F.  W.  Clarke,   1875. 
H.  C.   Bolton,   1876. 
P.    Schweitzer,    1877. 
A.  P.  S.  Stuart,   1878. 
W.  R.  Nichols,*  1879. 

29.  C.    E.    Munroe,    1880. 

30.  Alfred  Springer,   1881,  in 


25.  Otis   T.    Mason,    1876. 

26,  27.    United  with  Section  B. 
28,    29,    30.   J.    G.    Henderson, 

1879-81. 
Subsection   of   Microscopy. 

25.  E.  W.  Morley,  1876. 

26.  T.  O.  Sommers,  Jr.,  1877. 

27.  G.  J.   Engelmann,    1878. 


the  absence  of  R.B. Warder.  28,  29.  A.  B.  Hervey,  1879-80. 
Subsection  of  Entomology.  30.  W.  H.  Seaman,  i88i,inthe 
B.  P.  Mann,   1881.  absence  of  S.  P.  Sharples. 

Subsection    of    Anthropology. 
24.    F.   W.   Putnam,    1875. 
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Secretaries    of    the    Sections,   1882- 
Section  A. — Mathematics  and      t,^.   G.  W.   Hough,    1S84. 
Astronomy.  34.    E.  W.  Hyde,  1885. 

31.  H.  T.  Eddy,  1882.  35.    S.  C.  Chandler,    1886. 

32.  G.  W.  PIough,  1883,  in  the     36.    H.  M.   Paul,   1887. 
absence  of  W.  W.  Johnson.      37.   C.  C.  Doolittle,  1888. 
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Secretaries    of   the  Sections,  Continued. 

38.  G.   C.   CoMSTOCK,    1889.  49.    R.  A.   Fessenden,   1900. 

39.  W.    W.    Beman,    1890.  50.   John  Zeleny,  1901,  in  place 

40.  F.   H.   BiGELOW,    1891.  of  J.  O.  Reed,  resigned. 

41.  Winslow   Upton,    1892.  51.    E.  F.  Nichols,   1902. 

42.  C.   A.   Waldo,    1893,  in  the  52.    D.  C.  Miller,   1903. 
absence  of  A.  W.  Phillips.  53.    D.  C.  Miller,  1904. 

43.  J.    C.    Kershner,    1894,    in  Section  C. — Chemistry. 

place  of  W.W. Beman,  res'd.  31.   Alfred  Springer,  1882. 

44.  Asaph    Hall,   Jr.,  1895,   in  j  J.    W.    Langley,    1883. 

place  of  E.  H.  Moore,  res'd.  (  W.  McMurtrie,   1883. 

45.  Edwin  B.   Frost,    1896.  t,t,.   H.  Carmichael,  1884,  in  the 

46.  James   McMahon,    1897.  absence  of  R.   B.   Warder. 

47.  Winslow  Upton,  189S,  in  34.    F.  P.  Dunnington,  1885. 

place  of  Alex.  Ziwet,  35.    W.     McMurtrie,     1886. 

resigned.  36.    C.  F.  Mabery,  1S87. 

48.  John  F.  Hayford,   1S99.  37.    W.   L.   Dudley,    1888. 

49.  W.   M.   Strong,    1900.  38.    Edward   Hart,    1889. 

50.  G.  A.  Miller,  1901,  in  place  39.    W.  A.  Noyes,  1890. 

of  H.  C.  Lord,  resigned.  40.    T.  H.  Norton,  189  i. 

51.  E.  S.  Crawley,  1902.  41.   Jas.  Lewis  Howe,  1892. 

52.  C.    S.    Howe,    1903.  42.    H.   N.  Stokes,   1893,  in  the 

53.  L.  G.  Weld,  1904.  absence  of  J.    U.    Nef. 
Section  B. — Physics.  43.    Morris  Loeb,  1894,  in  place 

31.  C.  S.  Hastings,  1882.  of  S.  M.  Babcock,  resigned. 

32.  F.  E.   NiPHER,   1883,  in  the  (W.    P.     Mason,     1895. 

absence  of  C.  K.  Wead.  (W.    O.    Atwater,    1895. 

;j2-    N.    D.    C.    Hodges,    1884.  45.    Frank  P.  Venable,   1896. 

34.  B.  F.  Thomas,  1885,  in  place.  46.    P.   C.   Freer,    1S97. 

of  A.  A.  Michelson,  resigned.  47.    C.    Baskerville,    1898. 

35.  H.  S.  Carhart,  1886.  48.    H.  a.  Weber,  1899. 

36.  C.  Leo  Mees,  1887.  49.    A.    A.    Noyes,    1900. 

37.  x\lex.     Macfarlane,    188S.  50.    W.  McPherson,  1901. 

38.  E.  L.  Nichols,  1889.  51.    F.  C.  Phillips,  1902. 

39.  E.  M.  Avery,  1890.  52.    H.   N.   Stokes,    1903. 

40.  Alex.     Macfarlane,    1891.  53.   A.  H.  Gill,  1904. 

41.  Brown    Ayres,     1S92.  Section    D. — Mechanical  Science 

42.  W.  LeConte  Stevens,  1893.  and  Engineering. 

43.  B.    W.    Snow,    1894.  31.   J.  Burkitt  Webb,  1S82,    in 

44.  E.   Merritt,    1S95.  the  absence  of  C.  B.  Dudley. 

45.  Frank  P.   Whitman,    1896.  32.   J.  Burkitt  Webb,  1883,  pro 

46.  Frederick    Bedell,    1897.  tempore. 

47.  W.    S.    Franklin,    1898,   in  TiT,.   J.  Burkitt  Webb,  1884. 
place  of  E.  B.  Rosa,  resigned.  34.    C.  J.  H.  Woodbury,  1885. 

48.  William  Hallock,  1899.  35.    William  Kent,   1886. 
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36.  G.   M.   Bond,   18S7. 

37.  Arthur   Beardsley,    1S88. 

38.  W.    B.    Warner,    1S89. 

39.  Thomas  Gray,   1S90. 

40.  William  Kent,   i8gi. 

41.  O.  H.  Landreth,   1892. 

42.  D.    S.   Jacobus,    1893. 

43.  John  H.   Kinealy,    1S94. 

44.  H.   S.   Jacoby,    1895. 

45.  John   Galbraith,    1896. 

46.  John   J.    Flather,    1897. 

47.  John  J.   Flather,    1S98,  in 

the    absence  of    W.    S.    Al- 
drich. 

48.  J.    M.    Porter,    1S99. 

49.  W.  T.  Magruder,   1900. 

50.  C.  W.  CoMSTOCK,  1901,  in  the 

absence  of  W.  H.  Jaques. 

51.  C.  A.  Waldo,  1902. 

52.  Elwood  Mead,   1903,  in  the 

absence  of  Albert  Kings- 
bury. 

53.  W.  T.  Magruder,  1904. 
Section     E. — Geology     and     Geo- 
graphy. 

31.  H.  S.  Williams,  1882,  in  the 
absence  of  C.    E.    Button. 

32.  A.  A.  Julien,   18S3. 
SS-    E.  A.  Smith,   1884. 

34.  G.   K.  Gilbert,   1885,  in  the 

absence  of  H.  C.  Lewis.* 

35.  E.   W.   Claypole,*    1886. 

36.  W.   M.    Davis,    1887,  in  the 

absence  of  T.  B.  Comstock. 

37.  John  C.  Branner,  1888. 

38.  John  C.   Branner,    1889. 

39.  Samuel   Calvin,    1890. 

40.  W  J  McGee,  1891. 

41.  R.  D.  Salisbury,   1892. 

42.  W.     H.     HoBBS,*     1893,    in 
place  of  R.  T.  Hill,  resigned. 

43.  Jed.    Hotchkiss,*    1894,   in 

place  of  W.  M.  Davis,  res'd 

44.  J.    Pkrrix    Smith,    1895. 


45.  W.   N.   Rice,   1896,  in  place 
of   A.    C.    Gill,    resigned. 

46.  C.  H.  Smith,  Jr.,  1S97. 

47.  Warren     Upham,     1898. 

48.  Arthur    Hollick,    1899. 

49.  J.  A.  Holaies,  1900. 

50.  H.   B.   Patton,   1901,  in  the 
absence  of  R.  A.  F.  Penrose. 

51.  F.  P.  Gulliver,   1902. 

52.  E.    O.    HovEY,    1903. 

53.  G.  B.  Shattuck,  1904. 
Sectio)i  F. — Biology,   1882-1892. 

31.  William    Osler,     1882,    in 
the  absence  of  C.  S.  Minot. 

32.  S.  A.  Forbes,  1883. 

33.  C.  E.  Bessey,   1884. 


34.   J.    A.    Lintner,^ 
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place  of  C.  H.  Fernald,  res'd. 

35.  J.  C.  Arthur,   1SS6. 

36.  J.    H.    Comstock,    1887. 

37.  B.   E.    Fernow,    1888. 

38.  A.  W.  Butler,  1889. 

39.  J.  M.  Coulter,  1S90. 

40.  A.  J.  Cook,   1891. 

41.  D.    B.    Halstead,    1892. 
Section     F. — Zoology. 

42.  L.  O.  Howard,  1893. 

43.  John  B.Smith,  1894,  in  place 

of  Wm.Libby,  Jr.,  resigned. 

44.  C.     W.     Hargitt,     1895,    i^ 
place  of  S.  A.  Forbes,  res'd. 

45.  D.   S.    Kellicott,*    1896. 

46.  C.   C.    Nutting,    1897. 

47.  R.     T.    Jackson,     1898,    in 
place  of  C.  W.  Stiles,  resigned. 

48.  C.     L.     Marlatt,     1899,    in 
place  of  F.  W.  True,  resigned. 

49.  C.     H.     ElGENMANN,     190O. 

50.  H.    B.   Ward,    1901. 

51.  C.   W.  Stiles,   1902. 

52.  C.   J.    Herrick,    1903. 

53.  C.  J.  Herrick,  1904. 
Section  G.  — Microscopy,  1 882-85. 

31.    Robert  Brow.n',   Jr.,   1882. 
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Secretaries  of  the  Sections,  Continued. 


32.    Carl  Seiler,    1883. 
SS-    Romyn  Hitchcock,  1884. 
34.    W.    H.    Walmsley,    1885. 
Section    G. — Botany. 

42.  B.    T.    Galloway,    1893,   in 
the  absence  of  F.  V.  Coville. 

43.  Chas.  R.  Barnes,   1894. 

\  B.    T.    Galloway,    1895. 
'^'^'    1  M.  B.  Waite,  1895. 

45.  George  F.  Atkinson,  1896. 

46.  F.  C.  Newcombe,  1897. 

47.  Erwin  F.  Smith,   1898. 

48.  W.  A.  Kellerman,  1899. 

49.  D.  T.  MacDougal,   1900. 

50.  Ernst  A.BESSEY,i9oi,in  the 
absence  of  A.  8.  Hitchcock. 

51.  H.    von    Schrenk,    T902. 

52.  C.   J.  Chamberlain,    1903. 

53.  F.  E.  Lloyd,  1904. 
Section     H. — Anthropology. 

31.  Otis  T.  Mason,  1882. 

32.  G.   H.   Perkins,    18S3. 

^:^.    G.  H.  Perkins,  1884,  in  the 
absence  of  W.   H.   Holmes. 

34.  Erminnie  A.  Smith,*  1S85. 

35.  A.  W.  Butler,   1886. 

36.  Chas. C.Abbott,  1887,  in  the 

absence  of  F.W.Langdon. 

37.  Frank  Baker,  1888. 

38.  W.  M.  Beauchamp,  1889. 

39.  Joseph    Jastrow,     1890. 

40.  W.  H.  Holmes,  1891. 

41.  W.  M.  Beauchamp,  1892,  in 
place  of  S.  Culin,  resigned. 

42.  W.    K.    Moorehead,    1893. 

43.  A.    F.    Chamberlin,    1804. 

TStewart    Culin    and    W. 

44.  i  W.  Tooker,  1895,  in  place 

[  of  Anita  N.  McGee,  res'd. 

45.  G.     H.     Perkins,     1896,    in 
place  of  J.  G.BouRKE,*dec'd. 

46.  Anita  N.  McGee,  1897,  in 
place  of  Harlan  I.  Smith, 
resigned. 


47.  Marshall  H.  Saville, 1898. 

48.  E.  W.  Scripture,  1899,  in 
place  of  Geo.  A.  Dorsey, 
resigned. 

49.  Frank  Russell,  1900. 

50.  G.  G.  MacCurdy,   1901. 

51.  Harlan    I.    Smith,    1902. 

52.  R.  B.  Dixon,  1903. 

53.  Geo.  H.  Pepper. 

Section  1. — Social  and  Economic 
Science. 

(  Franklin  B. Hough, *i882. 

3 1 .  J 

{  J.  Richards  Dodge,  1882. 

32.  Joseph   Cummings,*    1883. 

33.  Charles  W.   Smiley,    1884. 

34.  Chas.  W.  Smiley,  18S5,  in 
the  absence  of  J.  W.Chicker- 

ING. 

35.  H.   E.  Alvord,   1886. 

36.  W.    R.   Lazenby,    1887. 

37.  Charles  S.   Hill,   1888. 

38.  J.  Richards  Dodge,  1889. 

39.  B.    E.    Fernow,    1890. 

40.  B.  E.  Fernow,  1891. 

41.  Henry  Farquhar,  1892,  in 

place  of  L.  F.  Ward,  made 
Vice-President. 

42.  Nellie  S.   Kedzie,    1893. 

43.  Manley  Miles,  1894. 

44.  W.  R.  Lazenby,  1895,  i" 
place  of  E.  A.  Ross,  resigned. 

45.  r.  t.  colsurn,   1896. 

46.  Archibald    Blue,     1897. 

47.  Marcus  Benjamin,  1898. 

48.  Calvin  M.Woodward,  1899. 

49.  H.    T.    Newcomb,    1900. 

50.  R.  A.  Pearson,  1901,  in 
place  of  Cora  A.  Benneson, 
resigned. 

51.  F.  R.  Rutter,  1902,  in 
place  of  Walter  F.  Willcox, 
resigned. 

52.  F.  H.  Hitchcock,  1903. 

53.  J.  F.  Crowell,  1904. 
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Secretaries  of  the   Sections,    Continued. 

Section  K. — Physiology  and  Ex-    52.    F.    S.    Lee,    1903. 

periniental  Medicine.  53.    F.  S.  Lee,  1904. 

^i.    F.  S.  Lee,   1902. 

TREASURERS. 

1.  Jeffries  Wyman,*  1848.    9-19-  A.  L.  Elwyn,*   1855- 

2.  A.  L.  Elwyn,*  1849.  1870. 

3.  St.  J.  Ravenel,*i85o,  inthe   20-30.  Wm.  S.  Vaux,*  1871- 

absence  of  A.  L.  Elwyn.*       1881. 

4.  A.  L.  Elwyn,*  1850.  32-42.  Wm.  Lilly,*  1882-93. 

5.  Spencer    F.    Baird,*    1851,  43-49.    R.  S.  Woodward,  1894- 
in  the  absence  of  A. L. Elwyn.*  1900. 

6-7.    A.    L.    Elwyn,*    1851-53.      50-54.    R.  S.  Woodward,  1901- 
8.   J.  L.  LeConte,*   1854,  in  the  1905. 

absence  of  A.  L.  Elwyn.* 
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Commontoealth  of  Massachusetts. 


In  the  Year  One  Thousand  Eight  Hundred  and  Seoenty-Four. 

AN  ACT 

To  INCORPORATE  THE  "AMERICAN  ASSOCIATION  FOR  THE  ADVANCE- 
MENT OF  Science." 
Be  it  enacted  by  the  Senate  and  House  of  Representatives,  in  General 
Court  assembled,  and.  by  the  authority  of  the  same,  as  follows: 
Section  i.  Joseph  Henry  of  Washington,  Benjamin  Pierce  of 
Cainbridge,  James  D.  Dana  of  New  Haven,  James  Hall  of  Albany, 
Alexis  Caswell  of  Providence,  Stephen  Alexander  of  Princeton, 
Isaac  Lea  of  Philadelphia,  F.  A.  P.  Barnard  of  New  York,  John  S. 
Newberry  of  Cleveland,  B.  A.  Gould  of  Cambridge,  T.  vSterry  Hunt 
of  Boston,  Asa  Gray  of  Cambridge,  J.  Lawrence  Smith  of  Louis- 
ville, Joseph  Lovering  of  Cambridge,  and  John  LeConte  of  Phila- 
delphia, their  associates,  the  officers  and  members  of  the  Associa- 
tion, known  as  the  "  American  Association  for  the  Advancement  of 
Science,"  and  their  successors,  are  hereby  inade  a  corporation  by 
the  name  of  the  "American  Association  for  the  Advancement  of 
Science,"  for  the  purpose  of  receiving,  purchasing,  holding,  and 
conveying  real  and  personal  property,  which  it  now  is,  or  here- 
after may  be,  possessed  of,  with  all  the  powers  and  privileges,  and 
subject  to  the  restrictions,  duties  and  liabilities  set  forth  in  the 
general  laws  which  now  or  hereafter  may  be  in  force  and  applicable 
to  such  corporations. 

Section  2.  Said  corporation  may  have  and  hold  by  purchase, 
grant,  gift,  or  otherwise,  real  estate  not  exceeding  one  hundred 
thousand  dollars  in  value,  and  personal  estate  of  the  value  of  two 
hundred  and  fifty  thousand  dollars. 

Section  3.  Any  two  of  the  corporators  above  named  are  here- 
by authorized  to  call  the  first  meeting  of  the  said  corporation  in 
the  month  of  August  next  ensuing,  by  notice  thereof  "by  mail," 
to  each  member  of  the  said  Association. 

Section   4.    This  act  shall    take  effect  upon  its  passage. 

House  of   Representatives,   March   10,    1874. 
Passed   to    be    enacted, 
John    E.    Sanford,    Speaker. 
L\   Senate,    March    17,    1S74. 

Passed  to  be  enacted,  March    19,    1874. 

Geo.    B.    Loring,   President.  Approved. 

W.    B.    Washburn. 
Secretary's  Department, 
Boston,  April  3,    1874. 
A  true  copy.  Attest: 

David    Pulsifer, 
Deputy  Secretary  of  the  ConimonweaUh . 
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CONSXIXUXION 

OF    THE 

AMERICAN   ASSOCIATION    FOR   THE   ADVANCE- 
MENT OF  SCIENCE. 

Incorporated  by  Act  of  the  General  Court  of  the  Commonwealth  of  Massachusetts. 


Objects. 

Article  i.  The  objects  of  the  Association  are,  by  periodical 
and  migratory  meetings,  to  promote  intercourse  between  those 
who  are  cultivating  science  in  different  parts  of  America,  to  give 
a  stronger  and  more  general  impulse  and  more  systematic  direc- 
tion to  scientific  research,  and  to  procure  for  the  labors  of  scientific 
men  increased  facilities  and  a  wider  usefulness. 

Membership. 
Art.    2.   The     Association     shall     consist    of    inembers,    fellows, 
patrons,   corresponding  members  and  honorary  fellows. 

Members. 
Art.  3.  Any  person  may  become  a  member  of  the  Association 
upon  recommendation  in  writing  by  two  meinbers  or  fellows,  and 
election  by  the  Council.  Any  incorporated  scientific  societj^  or 
institution,  or  any  public  or  incorporated  library,  may  be  enrolled 
as  a  member  of  the  Association  by  vote  of  the  Council  by  pay- 
inent  of  the  initiation  fee;  such  society,  institution,  or  library  may 
be  represented  by  either  the  President,  Curator,  Director,  or 
Librarian  presenting  proper  credentials  at  any  meeting  of  the 
Association  for  which  the  assessment  has  been  paid. 

Associates. 

Associates  for  any  single  meeting  shall  be  admitted  on  the  pay- 
ment of  three  dollars,  such  associates  to  have  all  the  privileges  of 
the  meeting,  except  reading  papers  and  voting. 

Members  of  scientific  societies  whose  meetings  are  contem- 
poraneous with,  or  immediately  subsequent  to,  that  of  the  Associa- 
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tion,  and  which  are  recognized  by  vote  of  the  Council  as  "Affiliated 
Societies,"  may  become  associate  members  for  that  meeting  on 
the  payment  of  three  dollars.  They  shall  be  entitled  to  all  the 
privileges  of  membership  except  voting  or  appointment  to  office, 
but  their  names  shall  not  appear  in  the  list  of  members  printed  in 
the  annual  report. 

Foreign   Associates. 

Any  member  or  fellow  of  any  national  scientific  or  educational 
institution,  or  of  any  society  or  academy  of  science,  of  any  country 
not  in  America,  who  may  be  present  at  any  meeting  of  the  Associa- 
tion shall,  on  presenting  the  proper  credentials,  be  enrolled  with- 
out fee  as  a  Foreign  Associate,  and  shall  be  entitled  to  all  the 
privileges  of  the  meeting  except  voting  on  matters  of  business. 

Fellows. 

Art.  4.  Fellows  shall  be  elected  by  the  Council  from  such  of 
the  members  as  are  pi'ofessionally  engaged  in  science,  or  have, 
by  their  labors,  aided  in  advancing  science.  The  election  of 
fellows  shall  be  by  ballot,  and  a  majority  vote  of  the  members 
of  the  Council  at  a  designated  meeting  of  the  Council. 

Patrons. 

Art.  5.  Any  person  paying  to  the  Association  the  sum  of  one 
thousand  dollars  shall  be  classed  as  a  patron,  and  shall  be  en- 
titled to  all  the  privileges  of  a  member  and  to  all  its  publications. 

Honorary   Fellows   and   Corresponding   Members. 

Art.  6.  Honorary  fellows  of  the  Association,  not  exceeding 
three  for  each  Section,  may  be  elected,  the  nominations  to  be  made  by 
the  Council  and  approved  by  ballot  in  the  respective  sections  be- 
fore election  by  ballot  in  General  Session.  Honorar}^  fellows  shall 
be  entitled  to  all  the  privileges  of  fellows,  and  shall  be  exempt 
from  all  fees  and  assessments,  and  entitled  to  all  publications 
of  the  Association  issued  after  the  date  of  their  election.  Corres- 
ponding members  shall  consist  of  such  scientists  not  residing  in 
America  as  may  be  elected  by  the  Council,  and  their  number  shall 
be  limited  to  fifty.      Corresponding  members  shall  be  entitled  to 
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all  the  privileges  of  members  and  to  the  annual  volumes  of  Pro- 
ceedings published  subsequent  to  their  election. 

Suspensions. 

Art.  7.  The  name  of  any  member  or  fellow  two  years  in 
arrears  for  annual  dues  shall  be  erased  from  the  list  of  the 
Association,  provided,  that  two  notices  .of  indebtedness,  at  an 
interval  of  at  least  three  months,  shall  have  been  given;  and  no 
such  person  shall  be  restored  until  he  has  paid  his  arrearages  or 
has  been  re-elected.  The  Council  shall  have  power  to  exclude 
from  the  Association  any  member  or  fellow,  on  satisfactory  evi- 
dence that  said  member  or  fellow  is  an  improper  person  to  be  con- 
nected with  the  Association,  or  has  in  the  estimation  of  the  Council 
made  improper  use  of  his  membership  or  fellowship. 

Officers. 

Art.  8.  No  member  or  fellow  shall  take  part  in  the  organiza- 
tion of,  or  hold  office  in,  more  than  one  section  at  any  one  meeting. 

Art.  9.  The  officers  of  the  Association  shall  be  elected  by 
ballot  by  the  General  Committee  from  the  fellows,  and  shall  con- 
sist of  a  President,  a  Vice-President  from  each  section,  a  Per- 
manent Secretary,  a  General  Secretary,  a  Secretary  of  the  Council, 
a  Treasurer,  and  a  Secretary  of  each  Section;  these,  with  the 
exception  of  the  Permanent  Secretary,  the  Treasurer,  and  the 
Secretaries  of  the  Sections,  shall  be  elected  at  each  meeting  for  the 
following  one,  and,  with  the  exception  of  the  Treasurer  and  the 
Permanent  Secretary,  shall  not  be  re-eligible  for  the  next  two 
meetings.  The  term  of  office  of  the  Permanent  Secretary,  of  the 
Treasurer,  and  of  the  Secretaries  of  the  Sections,  shall  be  five 
years. 

President. 

Art.  10.  The  President,  or,  in  his  absence,  the  senior  Vice- 
President  present,  shall  preside  at  all  General  Sessions  of  the 
Association  and  at  all  meetings  of  the  Council.  It  shall  also  be 
the  duty  of  the  President  to  give  an  address  at  a  General  Session 
of  the  Association  at  the  meeting  following  that  over  which  he 
presided. 

Vice-Presidents. 

Art.  ir.  The  Vice-Presidents  shall  be  chairmen  of  their 
respective    Sections,    and    of   their    Sectional    Committees,    and    it 
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shall  be  part  of  their  duty  to  give  an  address,  each  before  his  own 
Section,  at  such  time  as  the  Council  shall  determine  at  the  meeting 
subsequent  to  that  at  which  he  presides.  The  Vice-Presidents 
may  appoint  temporary  chairmen  to  preside  over  the  sessions  of 
their  sections,  but  shall  not  delegate  their  other  duties.  The 
Vice-Presidents  shall  have  seniority  in  order  of  their  continuous 
membership   in    the   Association. 

General  Secretary. 
Art.  12.  The  General  Secretary  shall  be  the  Secretary  of  all 
General  Sessions  of  the  Association,  and  shall  keep  a  record  of  the 
business  of  these  sessions.  He  shall  receive  the  records  from 
the  Secretaries  of  the  Sections,  which,  after  examination,  he 
shall  transmit  with  his  own  records  to  the  Permanent  Secretary 
within  two  weeks  after  the  adjournment  of  the  meeting. 

Secretary   of  the   Council. 
Art.    13.    The    Secretary  of    the    Council  shall  keep  the  records 
of  the  Council.      He  shall  give  to  the  Secretar}'  of  each  Section  the 
titles  of  papers  assigned  to  it  by  the   Council.      He  shall  receive 
proposals  for  membership  and  bring  them  before  the  Council. 

Permanent  Secretary. 
Art.  14.  The  Permanent  Secretary  shall  be  the  executive 
officer  of  the  Association  under  the  direction  of  the  Council.  He 
shall  attend  to  all  business  not  specially  referred  to  committees 
nor  otherwise  constitutionally  provided  for.  He  shall  keep  an 
account  of  all  business  that  he  has  transacted  for  the  Association, 
and  make  annually  a  general  report  for  publication  in  the  annual 
volume  of  Proceedings.  He  shall  attend  to  the  printing  and 
distribution  of  the  annual  volume  of  Proceedings,  and  all  other 
printing  ordered  by  the  Association.  He  shall  issue  a  circular 
of  information  to  members  and  fellows  at  least  three  months  be- 
fore each  meeting,  and  shall,  in  connection  with  the  Local  Coin- 
mittee.  make  all  necessary  arrangements  for  the  meetings  of  the 
Association.  He  shall  provide  the  Secretaries  of  the  Associa- 
tion with  such  books  and  stationery  as  may  be  required  for  their 
records  and  business,  and  shall  provide  members  and  fellows 
with  such  blank  forms  as  may  be  required  for  facilitating  the 
business    of    the    Association.      He    shall    collect    all    assessments 
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and  admission  fees,  and  notify  members  and  fellows  of  their 
election,  and  of  any  arrearages.  He  shall  receive,  and  bring  be- 
fore the  Council,  the  titles  and  abstracts  of  papers  proposed  to'^be 
read  before  the  Association.  He  shall  keep  an  account  of  all 
receipts  and  expenditures  of  the  Association,  and  report  the 
same  annually  at  the  first  meeting  of  the  Council,  and  shall  pay 
over  to  the  Treasurer  such  unexpended  funds  as  the  Council  may 
direct.  He  shall  receive  and  hold  in  trust  for  the  Association 
all  books,  pamphlets,  and  manuscripts  belonging  to  the'^Associa- 
tion,  and  allow  the  use  of  the  same  under  the  provisions  of  the 
Constitution  and  the  orders  of  the  Council.  He  shall  receive  all 
communications  addressed  to  the  Association  during  the  intervals 
between  meetings,  and  properly  attend  to  the  same.  He  shall  at 
each  meeting  report  the  names  of  fellows  and  inembers  who  have 
died  since  the  preceding  meeting.  He  shall  be  allowed  a  salary 
which  shall  be  determined  by  the  Council,  and  may  employ  one 
or  more  clerks  at  such  compensation  as  may  be  agreed  upon  by 

the  Council. 

Treasurer. 

Art.  15.  The  Treasurer  shall  invest  the  funds  received  by 
him  in  such  securities  as  may  be  directed  by  the  Council.  He 
shall  annually  present  to  the  Council  an  account  of  the  funds  in 
his  charge.  No  expenditure  of  the  principal  in  the  hands  of  the 
Treasurer  shall  be  made  without  a  unanimotis  vote  of  the  Council, 
and  no  expenditure  of  the  income  received  by  the  Treasurer  shall 
be  made  withovit  a  two-thirds  vote  of  the  Council.  The  Treasurer 
shall  give  bonds  for  the  faithful  performance  of  his  duty  in  such 
manner  and  sum  as  the  Council  shall  from  time  to  time  direct. 
Secretaries  of  the   Sections. 

Art.  16.  The  Secretaries  of  the  Sections  shall  keep  the  records 
of  their  respective  Sections,  and,  at  the  close  of  the  meeting,  give 
the  same,  including  the  records  of  subsections,  to  the  General 
Secretary.  They  shall  also  be  the  Secretaries  of  the  sectional 
committees.  The  Secretaries  shall  have  seniority  in  order  of 
their  continuous  meinbership  in  the  Association. 

Vacancies. 

Art.  17.  In  case  of  a  vacancy  in  the  office  of  President,  the 
senior   Vice-President    shall    preside,    as    provided    in    Article    10, 
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until  the  General  Committee  can  be  assembled  and  the  vacancy 
filled  by  election.  Vacancies  in  the  offices  of  Vice-President, 
Permanent  Secretary,  Secretary  of  the  Council,  Secretaries  of  the 
Sections,  and  Treasurer,  shall  be  filled  by  the  Council  by  ballot. 

Council. 

Art.  1 8.  The  Council  shall  consist  of  the  Past  Presidents,  and 
the  Vice-Presidents  of  the  last  two  meetings,  together  with  the  Presi- 
dent, the  Vice-Presidents,  the  Permanent  Secretar^^  the  General  Sec- 
retary, the  Secretary  of  the  Council,  the  Secretaries  of  the  Sections, 
and  the  Treasurer  of  the  current  meeting,  of  one  fellow  elected  from 
each  Section  by  ballot  on  the  first  day  of  its  meeting,  of  one 
fellow  elected  by  each  affiliated  society,  and  one  additional  fellow 
from  each  affiliated  society  having  more  than  twenty-five  mem- 
bers who  are  fellows  of  the  Association,  and  of  nine  fellows  elected 
by  the  Council,  three  being  annually  elected  for  a  term  of  three 
years.  The  members  present  at  any  regularly  called  meeting  of 
the  Council,  provided  there  are  at  least  five,  shall  form  a  quorum 
for  the  transaction  of  business.  The  Council  shall  meet  on  the 
day  preceding  each  annual  meeting  of  the  Association,  and  arrange 
the  program  for  the  first  day  of  the  sessions.  The  time  and  place 
of  this  first  meeting  shall  be  designated  by  the  Permanent  Secre- 
tary. Unless  otherwise  agreed  upon,  regular  meetings  of  the  Coun- 
cil shall  be  held  in  the  Council  room  at  9  o'clock  A.  M.,  on  each  day 
of  the  meeting  of  the  Association.  Special  meetings  of  the  Council 
may  be  called  at  any  time  by  the  President.  The  Council  shall  be 
the  board  of  supervision  of  the  Association,  and  no  business  shall 
be  transacted  by  the  Association  that  has  not  first  been  referred 
to,  or  originated  with,  the  Council.  The  Council  shall  decide 
which  papers,  discussions,  and  other  proceedings  shall  be  published, 
and  have  the  general  direction  of  the  publications  of  the  Associa- 
tion; manage  the  financial  affairs  of  the  Association;  arrange  the 
business  and  programs  for  General  Sessions;  suggest  subjects  for 
discussion,  investigation  or  reports;  elect  members  and  fellows; 
and  receive  and  act  upon  all  invitations  extended  to  the  Associa- 
tion and  report  the  same  at  a  General  Session  of  the  Association. 
The  Council  shall  receive  all  reports  of  Special  Committees  and 
decide     upon     them,    and    only     such    shall    be    read    in    General 
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Session  as  the  Council  shall  direct.  The  Council  shall  appoint 
-at  each  meeting  the  following  subcommittees  who  shall  act,  sub- 
ject to  appeal  to  the  whole  Council,  until  their  successors  are 
appointed  at  the  following  meeting:  i,  on  Papers  and  Reports; 
s,  on  Members;  3,  on  Fellows. 

General  Committee. 
Art.  19.  The  General  Committee  shall  consist  of  the  Council 
and  one  member  or  fellow  elected  by  each  of  the  Sections,  who 
shall  serve  until  their  successors  are  elected.  It  shall  be  the 
duty  of  the  committee  to  meet  at  the  call  of  the  President  and 
elect  the  general  officers  for  the  following  meeting  of  the  Associa- 
tion. It  shall  also  be  the  duty  of  this  committee  to  fix  the  time 
and  place  for  the  next  meeting.  The  Vice-President  and  Secre- 
tary of  each  Section  shall  be  recommended  to  the  General  Com- 
mittee by  the  Sectional  Committee. 

Meetings. 

Art.  20.  The  Association  shall  hold  a  public  meeting  annually, 
for  one  Aveek  or  longer,  at  such  time  and  place  as  may  be  deter- 
mined by  vote  of  the  General  Committee,  and  the  preliminary 
arrangements  for  each  meeting  shall  be  made  by  the  Local  Com- 
mittee, in  conjunction  with  the  Permanent  Secretary  and  such 
other  persons  as  the  Council  may  designate. 

But  if  suitable  preliminary  arrangements  cannot  be  made,  the 
Cotmcil  may  afterward  change  the  time  and  place  appointed  by 
the  General  Committee,  if  such  change  is  believed  advisable,  by 
"two-thirds  of  the  members  present. 

Art.  21.  A  General  Session  shall  be  held  at  ro  o'clock,  A.  M., 
on  the  first  day  of  the  meeting,  and  at  such  other  times  as  the 
Council    may    direct. 

Sections  and  Subsections. 
Art.  22.  The  Association  shall  be  divided  into  Sections, 
namely: — A,  MatJiematics  and  Astronomy;  B,  Physics;  C,  Chemistry , 
including  its  application  to  Agriculture  and  the  Arts;  D,  Mechanical 
Science  and  Engineering;  E,  Geology  and  Geography;  F,  Zoology; 
G,  Botany;  H,  Anthropology;  I,  Social  and  Economic  Science;  K, 
Physiology  and  Experimental  Medicine.      The  Council  shall   have 
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power  to  consolidate  any  two  or  more  Sections  temporarily,  and 
such   consolidated   Sections   shall   be   presided   over  by  the  senior 
Vice-President  and  Secretary  of  the  .Sections  comprising  it. 
Sectional   Committees. 

Art.  23.  Immediately  on  the  organization  of  a  Section  there 
shall  be  a  member  or  fellow  elected  by  ballot  after  open  nomina- 
tion, who,  with  the  Vice-President  and  Secretary  and  the  Vice- 
President  and  Secretary  of  the  preceding  meeting,  and  the  members 
or  fellows  elected  by  ballot  at  the  four  preceding  meetings,  shall 
form  its  Sectional  Committee.  The  Sectional  Committees  shall 
have  power  to  fill  vacancies  in  their  own  numbers.  Meetings  of 
the  Sections  shall  not  be  held  at  the  same  time  with  a  General 
Session.  The  Sectional  Committee  may  invite  distinguished 
foreign  associates  present  at  any  meeting  to  serve  as  honorary 
members  of  said  Committee. 

Art.  24.  The  Sectional  Committee  of  any  Section  may  at  its 
pleasure  form  one  or  more  temporary  Subsections,  and  may  desig- 
nate the  officers  thereof.  The  Secretary  of  a  Subsection  shall, 
at  the  close  of  the  meeting,  transmit  his  records  to  the  Secretary 
of  the  Section. 

Art.  25.  No  paper  shall  be  read  in  any  Section  or  Subsection 
until  it  has  been  placed  on  the  prograin  of  the  day  by  the  Sec- 
tional  Committee. 

Art.  26.  The  Sectional  Committees  shall  arrange  and  direct  the 
business  of  their  respective  Sections.  They  shall  prepare  the 
daily  programs  and  give  them  to  the  Permanent  Secretary  for 
printing  at  the  earliest  moment  practicable.  No  titles  of  papers 
shall  be  entered  on  the  daily  programs  except  such  as  have  passed 
the  Committee.  No  change  shall  be  made  in  the  program  for  the 
day  in  a  Section  without  the  consent  of  the  Sectional  Committee. 
The  Sectional  Committees  inay  refuse  to  place  the  title  of  any  paper 
on  the  program;  but  every  such  title,  with  the'abstract  of  the  paper  or 
the  paper  itself,  must  be  referred  to  the  Council  with  the  reasons 
why  it  was  refused.  The  Sectional  Committee  shall  also  make 
nominations  to  the  General  Committee  for  Vice-President  and 
Secretary  of  their  respective  Sections  as  provided  for  in  Article  19. 

Art.  27.  The  Sectional  Committees  shall  examine  all  papers 
and  abstracts  referred  to   the  Sections,   and  they  shall  not   place 
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on  the  program  any  paper  inconsistent  with  the  character  of 
the  Association;  and  to  this  end  they  have  power  to  call  for  any 
paper,  the  character  of  which  may  not  be  sufficiently  vmderstood 
from  the  abstract  submitted. 

Papers   and  Communications. 

Art.  28.  All  members  and  fellows  must  forward  to  the  Secre- 
tary of  the  proper  Section  or  to  the  Permanent  Secretary,  as 
early  as  possible,  and  when  practicable  before  the  convening  of 
the  Association,  full  titles  of  all  the  papers  which  they  propose 
to  present  during^the  meeting,  with  a  statement  of  the  time  that 
each  will  occupy  in  delivery,  and  also  such  abstracts  of  their 
contents  as  willfgive  a  general  idea  of  their  nature;  and  no  title 
shall  be  considered  by  a  Sectional  Committee  until  an  abstract 
of  the  paper  or  the  paper  itself  has  been  received. 

Art.  29.  If  the  author  of  any  paper  be  not  ready  when  called 
upon,  in  the  regtilar  order  of  the  official  program,  the  title  may 
be  dropped  to  the  bottom  of  the  list. 

Art.  30.  Whenever  practicable  the  proceedings  and  dis- 
cussions at  General  Sessions,  Sections  and  Subsections,  shall  be 
reported  by  professional  reporters,  but  svich  reports  shall  not 
appear  in  print  as  the  official  reports  of  the  Association  unless 
revised  by  the  Secretaries. 

Printed   Proceedings. 

Art.  31.  The  Permanent  Secretary  shall  have  the  Proceedings 
of  each  meeting  printed  in  an  octavo  volume  as  soon  after  the 
meeting  as  possible,  beginning  one  month  after  adjournment. 
Authors  must  prepare  their  papers  or  abstracts  ready  for  the 
press,  and  these  inust  be  in  the  hands  of  the  Secretaries  of  the 
Sections  before  the  final  adjournment  of  the  meeting,  otherwise 
only  the  titles  will  appear  in  the  printed  volume.  The  Council 
shall  have  power  to  order  the  printing  of  any  paper  by  abstract 
or  title  only.  Whenever  practicable,  proofs  shall  be  forwarded  to 
authors  for  revision.  If  any  additions  or  substantial  alterations 
are  made  by  the  author  of  a  paper  after  its  submission  to  the 
Secretary,  the  same  shall  be  distinctly  indicated.  Illustrations  must 
be  provided  for  by  the  authors  of  the  papers,  or  by  a  special 
appropriation  from  the    Council.      Immediately  on    publication  of 
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the  volume,  a  copy  shall  be  forwarded  to  every  member  and  fellow 
of  the  Association  who  shall  have  paid  the  assessment  for  the 
meeting  to  which  it  relates,  and  it  shall  also  be  offered  for  sale 
by  the  Permanent  Secretary  at  such  price  as  may  be  determined 
by  the  Council.  The  Council  shall  also  designate  the  institutions- 
to  which  copies  shall  be  distributed. 

Local  Committee. 

Art.  32.  The  Local  Committee  shall  consist  of  persons  in- 
terested in  the  objects  of  the  Association  and  residing  at  or  near 
the  place  of  the  proposed  meeting.  It  is  expected  that  the  Local 
Committee,  assisted  by  the  officers  of  the  Association,  will  make 
all  essential  arrangements  for  the  meeting,  and  issue  a  circular 
giving  necessary  particulars,  at  least  one  month  before  the  ineet- 

ing. 

Library   of  the   Association. 

Art.  ;i;^.  All  books  and  pamphlets  received  by  the  Association, 
shall  be  in  charge  of  the  Permanent  Secretary,  who  shall  have  a 
list  of  the  same  printed  and  shall  furnish  a  copy  to  any  member 
or  fellow  on  application.  Members  and  fellows  who  have  paid 
their  assessments  in  full  shall  be  allowed  to  call  for  books  and 
pamphlets,  which  shall  be  delivered  to  them  at  their  expense 
on  their  giving  a  receipt  agreeing  to  make  good  any  loss  or 
damage,  and  to  return  the  same  free  of  expense  to  the  Secretary 
at  the  time  specified  in  the  receipt  given.  All  books  and  pamphlets 
in  circulation  must  be  returned  at  each  meeting.  Not  more  than 
five  books,  including  volumes,  parts  of  volumes,  and  pamphlets, 
shall  be  held  at  one  time  by  any  member  or  fellow.  Any  book 
may  be  withheld  from  circulation  by  order  of  the  Council.  [The 
Library  of  the  Association  was,  by  vote  of  the  Council  in  1895, 
placed  on  deposit  in  the  Library  of  the  University  of  Cincinnati, 
Ohio.  Members  can  obtain  the  use  of  books  by  writing  to  the 
Librarian  of  the  University  Library,   Cincinnati,   Ohio.] 

Admission    Fee   and   Assessments. 

Art.  34.  The  admission  fee  for  members  shall  be  five  dollars 
in  addition  to  the  annual  assessment.  On  the  election  of  any 
member  as  a  fellow  an  additional  fee  of  two  dollars  shall  be  paid. 
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Art.  35.  The  annual  assessment  for  members  and  fellows  shall 
be  three  dollars. 

Art.  36.  Any  member  or  fellow  who  shall  pay  the  sum  of 
fifty  dollars  to  the  Association,  at  any  one  time,  shall  become  a 
Life  Member,  and  as  such  shall  be  exempt  from  all  further  assess- 
ments, and  shall  be  entitled  to  the  Proceedings  of  the  Association. 
All  money  thus  received  shall  be  invested  as  a  permanent  fund, 
the  income  of  which,  during  the  life  of  the  member,  shall  form  a 
part  of  the  general  fund  of  the  Association;  but,  after  his  death, 
shall  be  used  only  to  assist  in  original  research,  unless  otherwise 
directed  by  imanimous  vote  of  the  Council. 

Art.  37.  All  fees  and  assessments  must  be  paid  to  the  Per- 
manent Secretary,  who  shall  give  proper  receipts  for  the  same. 

Accounts. 

Art.  38.  The  accounts  of  the  Permanent  Secretary  and  of  the 
Treasurer  shall  be  audited  annually  by  Auditors  appointed  by 
the   Council. 

Alterations  of  the  Constitution. 

Art.  39.  No  part  of  this  Constitution  shall  be  amended  or 
annulled,  without  the  concurrence  of  three-fourths  of  the  members 
and  fellows  present  in  General  Session,  after  notice  given  at  a 
General  Session  of  a  preceding  meeting  of  the  Association. 
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AMERICAN  ASSOCIATION 


FOR   THE 


ADVANCEMENT  OF  SCIENCE. 

(Corrected  to  June  15,  1903  ) 


SURVIVING  FOUNDERS. 

[At  the  Brooklyn  Meeting,  1S94,  a  resolution  was  tinanimously 
adopted  by  which  all  the  surviving  founders  of  the  Association 
who  have  maintained  an  interest  in  science  were  made  Honorary 
Life  Members  of  the  Association  in  recognition  of  their  pioneer 
work  in  American  Science.] 

Abbot,    Samuel    L.,    Boston,    Mass. 

BoYE,  Martin  H.,  Coopersburg,  Pa. 

GiBBs,  WoLcoTT,  Newport,  R.  I. 

PATRONS. 

[Persons  contributing  one  thousand  dollars  or  more  to  the  Association  are  classed  as 
Patrons,  and  are  entitled  to  the  privileges  of  members  and  to  the  publications.  The  names  of 
Patrons  are  to  remain  permanently  on  the  list.] 

Thompson,    Mrs.  Elizabeth,  Stamford,  Conn.    (22).      (Died  July, 

1S99.) 
Lilly,    Gen.    William,    ilauch   Chunk,  Pa.    (28).      (Died    Dec.  i, 

1893-) 
Herrman,  Mrs.  Esther,  59  West  56th  St.,  New  York,  N.  Y.  (29). 
McMillin,  Emerson,  40  Wall  St.,  New  York,   N.   Y.   (37). 

HONORARY  FELLOWS. 

[Sec  Article  VI  of  the  Constitution.] 

*RoGERS,  Prof.  William  B.,  Boston,  Mass.  (i).  iSSi.  (Born  Dec. 

7,    1804.      Died   May   30,    1S82.)    B  E 
*Chevreul,    Michel    Eugene,    Paris,   France.    (35).    18S6.    (Born 

Aug.  31,   1786.      Died  April  9,   18S9.)  C 
*Genth,  Dr.   F.  a.,  Philadelphia,  Pa.   (24).    i888'.   (Born  May   17, 

1820.      Died  Feb.   2,   1892,)   C  E 
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*Hall,  Prof.  James,  Albany,  N.  Y.  (i).  1890."  (Born  in  iSii. 
Died   Aug.    7,    1898.) 

*GouLD,  Dr.  Benjamin  Apthorp,  Cambridge,  Mass.  (2).  1895. 
(Born  Sept.  27,  1824.      Died  Nov.  26,  1896.)  A  B 

*Leuckart,  Prof.  Rudolf.  (44).  1S95.  (Born  in  Helmstedt, 
Braunschweig,  Germany,  Oct.  7,  1823.  Died  in  Leipzig, 
Feb.    7,    1898.)    F 

*GiBBS,  Prof.  Wolcott,   Newport,  R.  I.    (i).    1896.   B  C 

*Warington,  Robert,  F.  R.  S.,  Rothamsted,  Harpenden,  Eng- 
land.   (40).      1899.   C 

*Westinghouse,  George,  Pittsburg,  Pa.  (50).  1902.  D 

MEMBERS    AND    FELLOWS. 

The  names  designated  by  an  asterisk  (*)  are  those  of  Fellows.  (See  Article  IV  of  the 
Constitution.)  The  number  in  parenthesis  indicates  the  meeting  at  which  the  Member  joined 
the  Association  ;  the  date  following  is  the  year  when  made  a  Fellow  ;  the  black  letters  at  end 
line  are  those  of  the  Sections  to  which  the  Member  or  Fellow  belongs.  When  the  name  is 
given  in  small  capitals,  it  designates  that  the  Member  or  Fellow  is  also  a  Life  Member.  Any 
Member  or  Fellow  may  become  a  Life  Member  by  the  payment  of  fifty  dollars.  The  income 
of  the  money  derived  from  a  life  membership  is  used  for  the  general  purposes  of  the  Association 
■during  the  life  of  the  Member ;  afterwards  it  is  to  be  used  to  aid  in  original  research.  Life 
Members  are  exempt  from  the  annual  assessment,  and  are  entitled  to  the  publications.  The 
names  ol  Life  Members  are  printed  in  small  capitals  in  the  regular  list  of  Members  and  Fellows. 

The  Constitution  requires  that  the  names  of  all  Members  two  years  in  arrears  shall  be 
omitted  from  the  list,  but  their  names  will  be  restored  on  payment  of  arrearages.  Members  not 
in  arrears  are  entitled  to  the  publications  of  the  Association,  including  the  journal  Science. 

*Abbe,  Cleveland,  Professor  of  Meteorology,  Weather  Bureau,   U. 

S.    Dept.    Agriculture,  Washington,  D.  C.   (16).     1874.     A  B 
*Abbe,    Cleveland,    Jr.,    2017    I    vSt.,    N.    W.,    Washington,     D.     C. 
(44).   1899.      E 
Abbe,  Truman,  M.  D.,  2017  I  St.,  N.  W.,  Washington,  D.  C.      (52) 
K 
*Abbe,  Dr.  Robert,   13  W.  50th  St.,  New  York,  N.  Y.  (36).   1892. 
*Abbot,  Charles  G.,   Smithsonian  Institution,  Washington,    D.    C. 
(49)-      1902.      B 
Abbot,    Francis   Ellingwood,    Ph.D.,    43   Larch  Road,  Cambridge, 
Mass.      (50).   I 
*Abbot,   Dr.   Samuel   L.,   90   Mt.   Vernon  St.,   Boston,   Mass.    (i). 
1898. 
Abbott,  Alexander  C,  Univ.  of  Penna.,  Philadelphia,  Pa.       (52). 

K 
Abbott,    Frank  L.,    Professor  of   Physical   Science,  State  Normal 

School,  Greeley,  Colo.   (50).   B  E 
Abbott,  Theodore  Spcrry,  C.  E.,  Saltillo,  Coahuila,  Mexico.   (52). 
D 
*Abel,   John   J.,    Professor  of   Pharmacologj',  Johns  Hopkins  Uni- 
versity,  Baltimore,   .\Id.   (51).      1902.      C 
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*Abert,   S.   Thayer,    Metropolitan   Club,   Washington,    D.   C.    (30). 

1891.  ABE 
Abraham,  Abraham,  Brooklyn,  N.  Y.   (43). 
Acheson,     Edward     Goodrich,     President     of     the   International' 

Acheson  Graphite  Co.,  Niagara  Falls,  N.  Y.  (50).  C 
*Adams,   Charles   C,    University   of   Michigan,   Ann   Arbor,    Mich. 

(50).      1903.      F 
Adams,  Comfort  A.,   13  Farrar  St.,  Cambridge,  Mass.   (47). 
Adams,  C.  E.,  M.    D.,  29  West  Broadway,  Bangor,  Me.  (43).  F 
Adams,  Edward  Dean,  35  Wall  St.,  New  York,  N.  Y.  (49). 
Adams,   Ernest   Kempton,   455   Madison   Ave.,    New  York,   N.  Y, 

(50).   D   E 
Adams,    Frederick   C,    Classical    High   School,    Providence,   R.   I. 

(50).  B  C 
*Adler,  I.,  M.  D.,  12  E  60th  St.,  New  York,  N.  Y.  (49).    1903.    K 
*Adriance,  John  S.,  105  E.  39th  St.,  New  York,  N.  Y.  (39).  1895.  C- 
Ailes,  Hon.  Milton  E.,  Assistant  Secretary  of  the  Treasury,  Wash- 
ington, D.  C.      (52).      I 
Ainsworth,  Herman  Reeve,  M.  D.,  Addison,  N.  Y.  (51).  I  K 
Akeley,  Lewis  E.,  Professor  of  Physics  and  Chemistry,  University 

of  South  Dakota,  Vermillion,  S.  Dak.    (51).    B  C 
Albaugh,     Maurice,     Secrctarj^    of    the   Crescent    Metallic   Fence 

Stay  Co.,  Covington,  Ohio.  (51).  D 
Albrecht,    Emil    Poole,    Secretary    of   The  Bourse,    1523   N.    17th 

St.,  Philadelphia,  Pa.   (51).  A  D 
Albrecht,  Sebastian,  767  Forest  Home,  Milwaukee,  Wis.    (52).    A 
Albree,     Chester    B.,     Mechanical     Engineer,    14-30    Market   St., 

Allegheny,  Pa.   (50).   D 
*Alden,  John,  Pacific  Mills,   Lawrence,   Mass.    (36).   1898. 
Alderson,  Victor  C,   Dean  of  the  Technical  College,  Armour  In- 
stitute of  Technology,  Chicago,  111.  (50).  D 
*Aldrich,  Wm.  S.,  Director,  Thomas  S.  Clarkson  Memorial  School 
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Wantland,  C.   E.,   1025   17th  Street. 

Whitted,  Thomas  B.,  General  Electric  Company. 

Wuensch,   Alfred   F.,    1220   Corona  Street. 

Fort  Collins. 
Ammons,  Miss  Theodosia  G.,  Agricultural  College. 
Aylesworth,    Barton    O.,    Agricultural    College 
Carpenter,   Louis  G.,   Agrictiltural  College. 
Daniclson,   A.   H.,  Agricultural  College. 
Davis,  Charles  F. 

Gillette,   C.    P.,   Agricultural   College. 
Griffith,   C.   J.,   Agricultural   College. 
Lawrence,   James   W.,    Agricultural   College. 
Paddock,    Wendell,    Agricultural    College. 
Stump,  James  A.,   Agricultural  College. 
Trimble,    Robert   E.,    Agricultural   College. 

Golden. 
Palmer,  Charles  Skeelc,  Colorado  School  of  Mines 
Patton,   Horace  B.,  Colorado  School  of  Mines. 

Greeley. 
Abbott,    Frank   L.,   State  Normal  School. 
Beardslcy,  Arthur  E.,   State  Normal  School. 
Snj'der,   Zachariah  X.,   State   Normal  School. 


Troth,  Alonzo  P. 
Blakeslee,   Olin  S. 


Leadville. 

Magnolia. 

Pueblo. 


Holbrook,   Henry   R. 

Palmer,  Irving  A.,  310J  West  9th  Street. 

Telluride. 
Lay,  Henry  Champlin. 

Trinidad, 
Parker,  Charles  V. 
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University   Park. 
Engle,  Wilber  D.,  University  of  Denver. 

Howe,  Herbert  Alonzo,  University  of  Denver.  .    . 

Russell,  Herbert  Edwin,  University  of  Denver. 
Stingley,   Miss  Lela  L.,  University  of  Denver. 
Warren,    Henry   W. 

Victor. 
Finch,    John    Wellington. 
Woodbridge,  Tyler  Reed,  The  Taylor  and  Brunton   Sampling  Co. 

Wali.street. 
Annear,  John   Brothers. 

CONNECTICUT. 

Ansonia. 
Brittin,  Lewis  H. 
Grower,  Geo.  G. 

Bridgeport. 
Godfrey,  Charles  C,  753  Lafayette  Street. 
Lovett,  Miss  Mary,  293  Golden  Hill. 
Pratt,  Alexander,  Jr.,  26  Briinnell  Street. 
Wilson,  Frederick  Morse,  834  Myrtle  Avenue. 

COLLINSVILLE. 

Sears,  Edward  H. 

Cromwell. 
Hallock,    Frank    Kirkwood. 

Darien. 
Brett,   George   P. 

Derby. 
Brewster,  Frank  H.,  P.  O.   Box  418. 

Hartford. 
Allen,  J.  M. 

Beach,  Charles  Coffing,  54  Woodland  Street. 
Bond,  George  M.,  141  Washington  Street. 
Edwards,  Charles  Lincoln,  Trinity  College. 
Genthe,    Karl   W.,   Trinity  College. 
Goodwin,  James,  76  Garden  Street. 

Greene,  Jacob  L.,  Office  Mutual  Life  Insurance  Company. 
Howard,  Charles  P.,  116  Farmington  Avenue. 
Hyde,  Clement  C,  41  Willard  Street. 
Pease,  Miss  Clara  A.,  Public  High  School. 
Perkins,  Arthur,    14  State  Street. 
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Riggs,  Robert  Baird,  Trinity  College. 
St.  John,  Howell  W.,  P.  O.  Box  913. 
Strong,  Frederick  G.,  Box  959. 
Veeder,  Curtis  Hussey,  40  Willard  Street. 

Lakeville. 

Bissell,  Leslie  Dayton,  Hotchkiss  School. 

Litchfip:ld. 
Peck,    Frederic    W. 

Meriden. 
Hitchcock,  Caroline  Judson,   High  School. 
Pettie,  J.  T. 

MiDDLETOWN. 

Atwater,   W.    O.,   Wesleyan   University. 

Bradley,   Walter  Parke,   Wesleyan   University. 

Cady,  Walter  G.,  Wesleyan  University. 

Crawford,   Morris  B. 

Hart,  Samuel,  Berkeley  Divinity  School. 

Rice,  W.  North,  Wesleyan  University. 

Van  Vleck,  John   M.,   Wesleyan   University. 

Wilcox,   Miss  Emily  T. 

Wilcox,  William  W.,  187  South  Main  Street. 

New    Haven. 
Arnold,  Ernst  Hermann,  46  York  Square. 
Baker,  Hugh  P.,  Yale  Forest  School. 
Baldwin,   Simeon   E. 

Bauder,  Arthur  Russell,  Boardman  High  School. 
Bishop,    L.    B.,   356   Orange   Street. 
Brewer,  William  H.,  418  Orange  Street. 
Brown,  Mrs.  Caroline  R.,  Observatory  Place. 
Brown,  Robert,  Yale  University  Observatory. 
Browning,   Philip  Embury,   Yale  University. 
Brush,  George  J.,  Yale  University. 
Chase,  Frederick  L.,  Yale  University  Observatory. 
Chittenden,   Russell   H.,   Yale   University. 
Churchill,    William.   Yale    University. 
Dana,    Edward   Salisbury. 
Du   Bois,    Aug.   J. 
Dudley,  S.  W.,  333  York  Street. 
Duncan,  George  M.,   Yale  University. 
Elkin,  William  L.,  Yale  University  Observatory. 
Evans,   Alexander  W.,    12   High  Street. 
Fisher,  Irving,  460  Prospect  .Street. 
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Gibbs,  J.  Willard. 

Gooch,  Frank  A.,  Yale  University. 

Granville,   William  Anthony,   Yale   University. 

Gregory,   Herbert  E.,   Yale   University. 

Harrison,  Judge  Lynda,   52   Hillhouse  Avenue. 

Hastings,    C.    S.,    Yale    University. 

Hotchkiss,   Henry  Stuart,   55   Hillhouse  Avenue. 

Jenkins,   Edward  H.,  Agricultural  Station. 

Judd,  Charles  H.,  Yale  University. 

Kindle,  Edward  M.,   109  Elm  Street. 

Lang,  Henry  R.,   Yale  University. 

Lockwood,   Edwin   H.,   Yale   University. 

MacCurdy,   George   Grant,    237    Church'  Street. 

Marble,   Milton   M.,   Hillhouse   High  School. 

McAllister,  Cloyd  N.,  Yale  Uni\-ersity. 

Moody,    Lucius   W. 

Moody,  Mrs.  Mary  B.,  Fair  Haven   Heights. 

Penfield,   S.   L.,   Yale   University. 

Phillips,    Andrew    W.,    209    York   Street. 

Richards,  Charles  B.,   237   Edwards  Street. 

Scripture,    E.   W.,    Yale   University. 

Skinner,  Clarence  Edward,  67  Grove  Street. 

Sneath,  E.   Hershey,  Yale  University. 

Verrill,   A.    E. 

Wheeler,  Henry  Lord,  Yale  University. 

Williams,    Henry    Shaler,    Yale    University. 

Wright,   Arthur  W.,    Yale   University. 


Norfolk. 

Portland. 

South  Norfolk. 


Stoeckel,   Carl. 

Sage,   John    H. 

Hall,   Asaph. 

South   Norwalk. 
Hill,    Ebenezer,    Norwalk    Iron    Works. 

Stamford. 
Emery,    Albert    H. 
Emery,  Albert  Hamilton,  Jr.,  312  Main  Street. 

Waterbury. 
Rodman,  Charles  S. 
Thompson,    Hugh    L. 
White,   LeRoy  S.,    19    Buckingham  Avenue. 
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West  Cornwall. 
Gold,    Theodore    S. 

West   Haven. 
Nason,    Frank   L. 

Westport. 
Ruland,    Frederick    D. 

WiLLIMANTIC. 

Fox,  Charles  James,   Lock   Box  A. 

Windsor. 
Heath,  Harry  E.,  The  Eddy  Electric  Mfg.  Co. 

DELAWARE, 

MONTCHANIN. 

Du  Pont,  Francis  G. 

Newark. 
Brown,  Harold  W.,  Delaware  College. 
Brown,    Newton    H. 
Wood,  A.  J.,  Delaware  College. 

Wilmington. 
Brown,  Glenn  V.,   1302  Jefferson  Street. 
Canby,  William  M.,   iioi   Delaware  Avenue. 
Leisen,    Theodore    Alfred. 
Pusey,  Charles  W.,  The  Pusey  &  Jones  Co. 
Reese,  Charles  L.,  1020  Jackson  Street. 

DISTRICT  OF  COLUMBIA. 
Washington. 
Abbe,    Cleveland,    Weather    Bureau. 
Abbe,  Cleveland,  Jr.,  2017  I  Street,  N.W. 
Abbe,  Truman,  2017  I  Street,  N.W. 
Abbott,   Charles   G.,   Smithsonian   Institution. 
Abert,  S.  Thayer,  Metropolitan  Club. 
Ailes,  Milton  E.,  Treasury  Department. 
Allen,   Edwin   W.,   Department  of  Agriculture. 
Allen,  F.  I.,  Patent  Office. 
Allderdice,  William  H.,  Navy  Department. 
Allen,  H.  Jerome,  421  H  Street,  N.E. 
Alsop,  E.  B.,  1502  20th  Street  N.W. 
Alvord,  Henry  E.,  Department  of  Agriculture. 
Ashmead,  William  H.,   National   Museum. 
Austin,  Oscar  P.,  Treasury  Department. 
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Ayres,  Horace  B.,  Geological  Survey. 

Bailey,   Frank  H.,   Navy  Department. 

Bailey,  Vernon,  Department  of  Agriculture. 

Baker,   Frank,    172S   Columbia   Road.  , 

Baker,   Marcus,   Geological   Survey. 

Baldwin,  Wm.   D.,   25   Grant  Place. 

Ball,   Carleton   R.,   Department  of  Agriculture. 

Barnum,  Miss  Charlotte  C,  Coast  and  Geodetic  Survey. 

Bartlett,  John  R.,   1622  21st  Street,  N.W. 

Bartsch,   Paul,   National   Museum. 

Bates,  Henry  H.,  The  Portland. 

Bauer,  Louis  A.,  Coast  and  Geodetic  Survey. 

Beal,  Walter  H.,  Department  of  Agriculture. 

Beaman,  George  Herbert,  2232  Massachusetts  Avenue,  N.W. 

Bebb.  Edward  C,  Geological  Survey. 

Becker,    George   F.,    Geological   Survey. 

Bell,  Alex.  Graham,   1331   Connecticut  Aventie,   N.W 

Bell,   Alexander  Melville,    1525   35th   Street. 

Benjamin,    Marcus,    National    Museum. 

Benton,  John  R.,   1000  M  Street,   N.W. 

Bermann,  I.,  The  Plaza. 

Bessey,  Ernst  A.,  Department  of  Agriculture. 

Bigelow,  Frank  H.,  Weather  Bureau. 

Blount,   Henry  Fitch,   "The  Oaks." 

Bolce,    Harold,   The   Franconia. 

Bolton,  H.  Carrington,   Cosmos   Club. 

Boutwell,  John  Mason,  Geological  Survey. 

Bradford,  Royal  B.,  Navy  Department. 

Briggs,  Lyman  J.,  Department  of  Agriculture. 

Bright,   Richard   R.,   Navy  Department. 

Brodhead,  Mark,  T733  19th  Street,  N.W. 

Brooks,  Alfred  Hulse,  Geological  Survey. 

Brown.  Clement,  1440  M  Street,  N.W. 

Brown,   Edgar,   Department  of  Agriculture. 

Brown,  Ellis  W.,  924  24th  Street,  N.W. 

Browne,  Aldis  B.,  1419  F  Street,  N.W. 

Bryan,  Joseph  H.,   818   17th  Street,   N.W. 

Cameron,   F.   K.,   Department  of  Agrictilture. 

Campbell,   Marius,   Geological  Survey. 

Carr,  William  Kearney,  1413  K  Street,  N.W. 

Carr,  William  Phillips,   1418  L  Street,   N.W. 

Carroll,  James,  2147  F  Street,  N.W. 

Carleton,  M.  A.,  Department  of  Agriculture. 

Chamberlain,  Frederic  M.,  Fish  Commission. 

Chapman,  Robert  Hollister,  Geological  Survey. 
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Chester,   Colby   M.,   Naval   Observatory. 
Chickering,  J.   W.,   "The   Portner." 

Chittenden,   Frank  Hurlbut,   Department  of  Agriculture. 
Clancy,  Michael  Albert,  1426  Corcoran  Street. 
Clapp,  Frederick  G.,  Geological  Svirvev. 
Clark,  James  Albert.  "The  Cumberland." 
Clai-ke,  F.  W.,  Geological  Survey. 
Claudy.  C.  H..   1302  F  Street. 
Clifton,  Richard  S.,  Department  of  Agriculture. 
Collier,  Arthur  James,  Geological  Survey. 
Collins,  Guy  N.,  2818  13th  Street,  N.W. 
Cook,  Orator  F.,  Department  of  Agriculture. 
Coquillett,   D.   W.,   National   Museum. 
Corbett,  L.  C,  Department  of  Agriculture. 
Coville,  Frederick  V.,  Department  of  Agriculture. 
Crampton,  Charles  A.,   Treasury   Department. 
Crandall,  Francis  A.,  2219  15th  Street,  N.W. 
Crosby,  Oscar  Terry,  Cosmos  Club. 
Crowell,  John  Franklin,  Treasury  Department. 
Crozier,   Wm.,   Ordnance   Office,   War   Department. 
Curtis,   William   E.,    Post   Building. 

Ctishman,  Allerton,  Bureau  of  Cheinistry,  Department  of  Agricul- 
ture. 
Dall,  William  H.,  Smithsonian  Institution. 
Darton,   Nelson  Healey,   Geological  Survey. 
Daugherty,  Jerome,  Georgetown  University. 
Davis,  C.  H.,  Navy  Department. 
Davison,  Gregory  C,  Navy  Department. 
Dean,  Edward  B.,  Hotel  Gordon, 
de  Schweinitz,  E.  A.,  Department  of  Agriculture. 
Dewey,  Lyster  H.,  Department  of  Agriculture. 
Diller,  J.   S.,   U.   S.   Geological  Survey. 
Dodge,  Charles  Richards,  1336  Vermont  Avenue,  N.W. 
Dow,  Allan  W.,   District   Building. 
Droop,  Edward  F.,  1455  Bacon  Street. 
Duvel,  Joseph  W.  T.,  2818  13th  Street,  N.W. 
Dyar,  Harrison  G.,  National  Museum. 
Eckel,  Edwin  C,  U.  S.  Geological  Survey. 
Edwards,  Clarence  R.,  War  Department. 
Eichelberger,  William  Snyder,   Naval  Observatory. 
Eimbeck,  William,  Coast  and  Geodetic  Survey. 
Ely,  Charles  R.,  5   Kendall  Green.  i 

Emmons,  S.  F.,  Geological  Survey. 

Emory,    Frederick,    State    Department.  ' 

Evans,  Henry  B.,  3009  Cambridge  Place. 
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Evans,  Walter  H.,  Department  of  Agriculture. 

Evermann,  Barton  W.,  U.  S.  Fish  Commission. 

Fairchild,   David  Grandison,   Department  of  Agriculture. 

Fargis,    Geo.    A.,    Georgetown    University. 

Farquhar,   Henry,  Census  Office. 

Fewkes,  J.  Walter,  Bureau  of  American  Ethnology. 

Fireman,   Peter,   Cosmos  Ckib. 

Fisher,  Robert  Jones,  614  F  Street,  N.W. 

Fleming,  John  A.,   U.   S.   C.   and   G.   Survey. 

Fletcher,  Robert,  Army  Medical  Museum. 

FHnt,  James  M.,   "The  Portland." 

Forwood.  William  H.,   1425  Euclid  Place,  N.W. 

Fowler,  Edwin  H.,  Coast  and  Geodetic  Survey. 

Frederick,  Charles  Warnock,   Naval  Observatory. 

French,  Owen  B.,  Coast  and  Geodetic  Survev. 

Frisby,  Edgar,  Naval  Observatory. 

Fuller,   Melville  W.,    1800   Massachusetts  Avenue. 

Fuller,   Myron   L.,   Geological   Survey. 

Gaff.   Thomas  T.,    1738    M   Street. 

Galloway,  B.  T.,  Department  of  Agriculture. 

Garriott,  Edward  B.,  Weather  Bureau. 

Gilbert,   G.    K.,   Geological  Survey. 

Gill,  Theodore   N.,   Cosmos  Club. 

Girty,  George  H.,  Geological  Survey. 

Glover,  Charles  C,  1703  K  Street,  N.W. 

Gould,  H.  P.,  1219   13th  Street,  N.W. 

Graham,  Andrew  B.,   1230  Pennsylvania  Avenue. 

Green,  Bernard  Richardson,   1738  N  Street,  N.W. 

Griffiths,   David,   Department  of  Agriculture. 

Grosvenor,   Gilbert  H.,   Corcoran  Building. 

Hague,  Arnold,  Geological  Survey. 

Hamilton,  William,  Bureati  of  Education. 

Harbaugh,   Miss  Joanna,   11 00  M  vStreet. 

Harris,  Rollin  Arthvir,  Coast  and  Geodetic  Survey. 

Hartley,   Charles   P.,    Department  of  Agriculture. 

Harvie,   Miss  Lelia  j..  Coast  and  Geodetic  Svirvey. 

Haupt,    Herman,    "The   Concord." 

Hay,  William  P.,  13 16  Wallach  Place,  N.W. 

Hayes,    C.    Willard,    Geological    Survey. 

Hayford,  John  F.,  Coast  and  Geodetic  Survey. 

Hazard,  Daniel  L.,  Coast  and  Geodetic  Survey. 

Heaton,  Augustus  G.,    161S    17th  Street,   N.W- 

Hedrick,  Henry  B.,   Naval  Observatory. 

Henry,  Alfred  J.,  Weather  Bureau. 

Herron,  William  IL,  Geological  Survey. 
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Hesse,  Conrad  E.,  Weather  Bureaii. 

Hill,  Edwin  A.,  U.  S.   Patent  Office. 

Hill,  George  A.,  Naval  Observatory. 

Hill,  Robert  Thomas,  Geological  Survey. 

Hillebrand,   William  F.,   Geological  Survey. 

Hillyer,  William  Eldridge,  1365  Whitney  Avenue,  N.W 

Hitchcock,  Albert  Spear,  Department  of  Agriculture. 

Hitchcock,  Frank  H.,  Department  of  Agriculture. 

Hitz,  John,   160 1-3  Thirty-fifth  Street. 

Hodge,  Frederick  Webb,  Smithsonian  Institution. 

Hodgkins,  H.  L.,  Columbian  University. 

Hodgkins,  William  C,  Coast  and  Geodetic  Survey. 

Hogan,  Mrs.  Louise  E.,  Box  205. 

Holmes,   Wm.   H.,   National   Mtiseum. 

Holt,  H.  P.  R.,  Cosmos  Club. 

Hopkins,  A.   D.,   Department  of  Agriculture. 

Hopkins,  N.  Monroe,  Columbian  University. 

Hough,  Walter,   National  Museum. 

Howard,  Leland  O.,  Cosmos  Club. 

Howard,  Mrs.  Leland  O.,  2026  Hillyer  Place,  N.W. 

Howe,  Ernest,  Geological  Survey. 

Howell,  Edwin  E.,  612  17th  Street,  N.W. 

Hume,    Frank.   454   Pennsylvania   Avenue. 

Hunter,  Walter  D.,   Department  of  Agriculture. 

Hutchcson,   David,   Library  of  Congress. 

Hyde,  Miss  Edith  E.,  National  Museum. 

Hyde,  John,  Department  of  Agriculture. 

Irving,   J.    D.,    U.    S.    Geological   Survey. 

James,  Mrs.  Sarah  S.,  15  17  O  Street,  S.E. 

Jenks,  Albert  E.,   Bureau  of  Ethnology. 

Kearney,  Thomas  H.,  Jr.,  Department  of  Agriculture. 

Kendall,  William  C,  U.  S.  Fish  Commission. 

Kern,  Josiah  Quincy,  507  6th  Street,  N.W. 

Kimball,  S.   I.,  Treasury  Department. 

King,  A.  F.  A.,  13 15  Massachusetts  Avenue,  N.W. 

King,  F.  H.,  205  9th  Street,  S.W. 

King,  Theo.  Tngalls,  Naval  Observatory. 

Kinsler,  John  H.,  Department  of  Agriculture. 

Kirk,  Hyland  C,  211  6th  Street,  N.E. 

Knapp,  Martin  A.,  Interstate  Commerce  Commission. 

Kober,  George  Martin,  1600  T  Street,  N.W. 

Krogstad,  Henry,  1524  K  Street,  N.W. 

LaFlesche,  Francis,  214  ist  Street,  S.E. 

Lamb,  Daniel  S.,  800  loth  Street,  N.W. 

Langley,  S.  P.,  Smithsonian  Institution. 
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Lawrence,  J.  P.  S.,  Navy  Department.  %-' 

Laws,  Samuel  S.,  1733  Q  Street,  N.W. 

Leiter,  L.  Z.,  Dupont  Circle. 

Lindenkohl,  Adolphus,  Coast  and  Geodetic  Survey.  ' 

Lindenkohl,  Henry,  Coast  and  Geodetic  Survey. 

Lindgren,  Waldeniar,  Geological  Survey. 

Littell,  Frank  B.,  Naval  Observatory. 

Littlehales,  G.  W.,  Hydrographic  Office. 

Lloyd,  Morton  G.,   National   Bureau  of  Standards. 

Lucas,  Anthony  F.,  1406  i6tli  Street,  N.W. 

Luebkert,  Otto  J.  J.,  Department  of  Agriculture. 

McBride,  George  W.,  P.  O.  Box  173. 

McGee,   Anita   Newcomb,    190 1    Baltiinore   Street. 

McGee,  W  J,  Btireau  American  Ethnology. 

McGuire,  Joseph  D.,   1834  16th  Street. 

McKenney,  Randolph  Evans  Bender,  Department  of  Agriculture 

McLanahan,  George  William,  1601  21st  Street,  N.W. 

McLaughlin,  Thomas  N.,  1226  N  Street,  N.W. 

Magill.  Arthur  E.,   Hotel   Stratford. 

Mann,  B.  Pickman,  1918  Sunderland  Place. 

Manning,  Miss  Eva,   1330  CoUxmbia  Road. 

Marindin,  Henry  Louis,  Coast  and  Geodetic  Survey. 

Marlatt,  Charles  L.,  Department  of  Agriculture. 

Martin,  Artemas,  Coast  and  Geodetic  Survey. 

Marvin,  C.  F.,  Weather  Bureau. 

Mason,  Otis  T.,   National  Museum. 

Matthes,  Francois  E.,  Geological  Survey. 

Matthews,  Washington,   1262  New  Hampshire  Avenue. 

Maxon,  William  R.,   National  Mtiseum. 

Maxwell,  George  H.,  1827  Phelps  Place. 

Maynard,  George  C,  1407  15th  Street. 

Maynard,  Washburn,  Treasury  Department. 

Mead,  Elwood,  Department  of  Agriculture. 

Mendenhall,  Walter  C,  Geological  Survey. 

Merriam,  C.  Hart,  Department  of  Agriculture. 

Miller,  Frederick  A.,  2201   Massachusetts  Avenue. 

Miller,  Gerrit  S.,  National  Museum. 

Momsen,  Hart,  Census  Oflfice. 

Moore,  George  T.,  Department  of  Agriculture. 

Moore,  Willis  L.,  Weather  Bureau. 

Morris,  Edward  L.,  Washington  High  School. 

Morton,   George  L.,   Room   256,   Patent  Office. 

Mosman,  Alonzo  T.,  Coast  and  Geodetic  Survey. 

Motter,  Murray  Gait,  181 5  Belmont  Avenue. 

Muncaster,  Stewart  Brown,  907  Sixteenth  Street,  N.W. 
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Munroe,  C.  E.,  Columbian  University. 

Murray- Aaron.  Eugene,  Summit  Avenue,  Lanier  Heights. 

Newcomb,  S.,   1620  P  Street,  N.W. 

Newell,  F.   H.,  Geological  Survey. 

Norton,  J.   B..  Department  of  Agrictilttire. 

Noyes,  Isaac  Pitman,  409  4th  Street,  S.E. 

Oberholser,  Harry  Church,  Department  of  Agriculture. 

Ogden,  Herbert  G.,  Coast  and  Geodetic  Survey. 

Orton,  W.  A.,  Department  of  Agriculture. 

Osgood,  Wilfred  H.,  Department  of  Agriculture. 

Owen,  Frederick  D.,  No.  3  Grant  Place. 
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Greencastle. 
Cook,  Melville  T.,  De  Pauw  University. 

Indianapolis. 
Bell,   Guido,   431   Ea?t  Ohio  Street. 
Bruner,   Henry   Lane,   Butler  College. 
Butler,  A.  W.,   Board  of  State  Charities. 
Dunning,  Lehman  H.,  224  North  Meridian  Street. 
Hadley,  Artemus  N.,  Box  313. 
Rietz,  Henry  Lewis,  University  of  Indianapolis. 
Sterne,  Albert  E.,   "Norways." 
Thompson,  J.  L.,  22  West  Ohio  Street. 
Varney,  A.  L.,   143  Woodruff  Place. 
Wright,  John  S.,  Eli  Lilly  and  Company. 

Lafayette. 
Arthur,   J.   C. 

Golden,  Miss  Katherine  E.,  Purdue  University. 
Goss,  WilUam  F.   M. 
Green,   Arthur  L.,   Purdue  Universit5^ 
Meigs,   Miss   Emily. 
Snyder,  Miss  Lillian. 
Waldo,  Clarence  A.,  Purdue  University. 

Moore's  Hill. 
Bigney,  Andrew  J.,  Moore's  Hill  College, 

New  Albany. 
Greene,  G.  K.,  127  West  Market  Street. 
Harris,  Robert  Wayne,  621  Vincennes  Street. 

Rensselaer. 
Headlee,  T.  J. 

Richmond. 
Dennis,  David  Worth,  Earlham  College. 
Lindley,  Ernest  H.,  University  of  Indiana. 
Sackett,    Robert    L.,    Earlham   College. 
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Terre  Haute. 
Dryer,  Charles  R.,  State  Normal  School. 
Gray,  Thomas. 

Johonnott,  Edwin  Sheldon,  Rose  Polytechnic  Institute. 
Mees,  Carl  Leo,   Rose  Polytechnic  Institute. 
Noyes,  William  A.,   Rose  Polytechnic  Institute. 
Patterson,  A.  M.,  Rose  Polytechnic  Institute. 
Wagner,   Frank  C,  Rose  Polytechnic  Institute. 

Valparaiso. 
Weems,  Mason  Locke,  Valparaiso  College. 

INDIAN  TERRITORY. 
Afton. 


Harper,  R.  H. 
Bond,  R.  I. 

Burroughs,   Paul  L. 


Hartshorne. 


IOWA. 

Allison. 


Ames. 


Beyer,   Samuel   W.,    Agricultural   College. 
Guthrie,  Joseph  E.,  Iowa  State  College. 
Lanphear,  Burton  S.,  Iowa  State  College. 
Pammel,   L.   H.,  Agricultural  College. 
Spinney,  L.  B.,  Agricultural  College. 
Summers,  Henry  E.,  Argicultural  College. 
Weems,  J.  B.,  Agricultural  College. 
Williams,  Ira  Abraham,  Iowa  State  College. 

Armstrong. 
Cratty,  R.  I. 

Burlington. 
Ricker,   Maurice,   High  School. 

Cedar   Rapids. 
Fracker,  George  C,  Coe  College. 

Clarinda. 
Witte,  Max  Ernest,  Clarinda  State  Hospital. 

Clinton. 
Farnsworth,  Philo  J. 
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Davenport. 
Putnam,   Miss   Elizabeth   D. 
Putnam,   Henry  St.   Clair. 

Des   Moines. 
Grabill,  H.  P.,  1004  Enas  Avenue. 
Higgins,  Lafayette,  West  D.  M.  High  School. 
Kinney,  Charles  Noyes,  Drake  University. 
Still,   Geo.   A.,    1428  Locust  Street. 

Dubuque. 
Herrmann,   Richard,   Institute  Science  and  Arts. 
Keane,   Rt.    Rev.   John  J. 
Ruete,  Otto  M.,  721   Bluff  Street. 

Epworth. 
Anderson,    Frank    P. 

Fairfield. 
Clarke,   James    Frederick. 
Gable,  George  D.,   Parsons  College. 
Heald,  Fred.   DeForest,   Parsons  College. 

Farley. 
McGee.  D.  W. 
McGee,   Miss  Emma  R.,   Box  197. 

Fayette. 
Fink,    Bruce,   Upper  Iowa  University. 

Glenwood. 


Dean,     Seth. 
Hill,    Bruce    V. 
McAlvin,  J.  G. 


Grinnell. 

Grundy    Center. 

Iowa   City. 


Calvin,    Samuel. 

Fitzpatrick,   Thomas  J. 

Hobby,  C.  M. 

Houser,  Gilbert  L.,   University. 

Macbride,    Thomas    H. 

MacLean,  George  E.,  State  University. 

Nutting,  Charles  C,   University. 

Rockwood,  Elbert  W.,  University. 

Seashore,  Carl  E.,  University. 

Shimck,    Bohumil,    State    University. 
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Shrader,  John  Clinton,  State  Board  of  Health. 
Smith,    Arthur    George,    University. 
Stromsten,  Frank  A.,  State  University. 
Teeters,  Wilbur  John,  University. 
Veblen,   Andrew   A.,    University. 
Weld,  Laenas  Gifford,  State  University. 
Williams,   Miss   Mabel   Clare. 

Indianola. 
Tilton,  John  Littlefield,  Simpson  College. 

Keokuk. 
Meigs,  Montgomery,  Office  of  D.  M.  R.  Canal. 

Mt.   Pleasant. 
Edwards,  John  W.,  Iowa  Wesleyan  University 

Mt.   Vernon. 
Collin,  Alonzo,  Cornell  College, 
lorns,  Martin  J. 

Muscatine. 
Stein,  Simon  G. 

Newton. 
Lufkin,    Albert. 

Sioux  City. 
Jepson,  Wm. 

Stauffer,  Thomas  F.,  200  iith  Street. 

Storm  Lake. 
Voris,   Floyd  Thomas,   Buena  Vista  College. 

Tripoli. 


Jungblut,  Herman  C. 
Luckey,  John    Eddy. 

McCoy,  Luciniiis  S. 


Vinton. 
Whitten. 


KANSAS. 

Atchison. 

Knerr,  Ellsworth  B.,  Midland  College. 

Augusta. 
Pratt,   Charles   W. 

Coldwater. 
Pyle,  Miss  Effie  B. 
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Cuba. 
Hall,    Fred.   C,  Jr. 

Emporia. 
Men,  Thomas  M.,  State  Normal  School. 

Enterprise. 
Hoffman,  Christian  B. 

lOLA. 

Rissmann,  Otto,  Cherokee-Lanyon  Spelter  Company. 
Terrell,  Arthur  Davis,  624  East  Madison  Street. 

Kansas  City. 
Brooks,  Albert  A.,   High  School. 

Lawrence. 
Bartow,  Edward,  University  of  Kansas. 
Bailey,  E.  H.  S.,  University  of  Kansas. 
Blackmar,  Frank  W.,  University  of  Kansas. 
Clark,   Herbert  A.,   Haskell  Institute. 
Diemer,   Hugo,   University  of  Kansas. 
Dyche,  Lewis  Lindsay,  University  of  Kansas. 
Franklin,  Edward  Curtis,  University  of  Kansas. 
Hunter,  Samuel  John,  University  of  Kansas. 
Marvin,   Frank  O.,   University  of  Kansas. 
McClung,  Clarence  E.,  University  of  Kansas. 
Miller,  Ephraim,  University  of  Kansas. 
Newson,  Henry  Byron,  University  of  Kansas. 
Rice,   Martin   Everett,   University     of  Kansas. 
Snow,  F.  H.,  University  of  Kansas. 
Sternberg,  Charles  Hazelius. 
Van  der  Vries,  John  N.,  University  of  Kansas. 

LiNDSBORG. 

Johns,   Carl,    Bethany   College. 
Welin,  John  E.,  Bethany  College. 

McPherson. 
Harnly,  Henry  Jacob,  McPherson  College. 

Manhattan. 
Walters,  John  Daniel,  Kansas  State  Agricultural  College. 
Willard,  Julius  Terrass,   State   Experiment  Station. 

Ottawa. 
Ward,   Milan  L. 
Yates,  J.  A.,  Ottawa  University. 
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Seneca. 
Hayes,    Noah. 

Toledo. 
Smith,   E.    R. 

TOPEKA. 

Cooper,  James  Campbell,  Room  5,  Veale  Block. 
Grimsley,  George  Perry,  Washburn  College. 
Menninger,  Charles  Frederic,   1251   Topeka  Avenue. 
Patrick,   Frank,   601    Kansas  Avenue. 
Smyth,  Bernard  B.,  Academy  of  Science. 
Thompson,  Alton  H.,  721   Kansas  Avenue. 

Wichita. 
Matthews,   Rodolph,   128  North  Main  Street. 

WiNFIELD. 

Dunlevy,  Robert  Baldwin,  Kansas  State  Normal  College. 

KENTUCKY. 

Bowling   Green. 
Crump,   M.    H. 

Danville. 
Gordon,  Clarence  McC,  Centre  College. 
Nelson,   A.  B.,  Centre  College. 
Roberts,  William  C,   Centre  College. 

Earlington. 
Atkinson,  John  B. 

Franklin. 
Guthrie,   William  Alvis. 

Georgetown. 
Kesler,  John  L. 

Lexington. 
Miller,   Arthur  M.,   State  College. 
Scovell,   M.   A.,   Agricultural   Experitnent   Station. 

Louisville. 
Cobb,  Arthur,  600  Equitable  Building. 
de  Funiak,  Frederick,  204  East  Chestnut  Street. 
Derby,  George  McClellan. 

Hubley,  G.  Wilbur,  Electric  Light  Company. 
Mark,  E.  H.,  Center  and  Walnut  Streets. 
Marple,  Charles  A.,  743  Third  Avenue. 
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Marvin,  Joseph  B.,   Kentucky  University. 

Reynolds,  Dudley  S.,  304  W.  Chestnut  Street. 

Thruston,  R.  C.   Ballard,  Ballard  and  Ballard  Company. 

Maysville. 
Pickett,   Thomas   E. 

Shelbyville. 
Hogeboom,   Miss   Ellen   C. 

LOUISIANA. 

Baton   Rouge. 

Coates,  Charles  E.,   Louisiana  State  University. 
Dalrymple,  W.   H.,  State  University  and  Agr.  and  Mech.  College. 
Kretz,  Charles  Henry,  State  University  and  Agr.  and  Mech.  College. 
Morgan,  H.  A.,  State  University. 

Hammond. 
Millard,  Charles  S. 

New  Orleans. 
Anderson,   Douglas  S.,  Tulane  University. 
Ayres,    Brown,   Tulane   University. 
Brice,  Albert  G.,  901  Hennen  Building. 
Browne,  Charles  A.,  Jr.,  Audubon  Park. 
Chaillc,  Stanford  E.,  Tulane  University. 
Cline,  Isaac  M.,  Weather  Bureau. 
Dixon,  Brandt  B.,  Newcomb  College. 
Donovan,  Cornelius,  Custom  House. 
Kohnke,  Quitman,  Cora  Building. 
Lion,  Leon  Elie,  loio  Burgundy  Street. 
Matas,  Rudolph,  Tulane  University. 
Smith,  J.   C,    131   Carondelet  Street. 
Smith,   William  Benjamin,  Tulane   University. 
Stubbs,  W.  C,  Audubon  Park. 
Wilkinson,  Levi  Washington,  Tulane  University. 

MAINE. 

Augusta. 
Hichliorn,   C.   S. 

Bangor. 
Adams,  C.  E.,  29  West  Broadway. 
Coe,  Thomas  U. 
Foster,  George  W.,  Eastern  Maine  Insane  Hospital. 
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Bath. 
Hervey,  A.  B. 

Brunswick. 
Lee,  Leslie  A.,  Rowdoin  College. 
Moody,  William  Albion,   Bowdoin  College. 
Robinson,  Franklin  C,  Bowdoin  College. 

Caribou. 
Nylander,  Olof  O.,  Box  165. 

Lewiston 
Chadlionrn,   Erlon   R. 

Orono. 
Hart,  James  S.,  University  of  Maine. 
Merrill,  Lucius  H.,  University  of  Maine. 
Munson,  Welton  M.,   University  of  Maine. 
Stevens,  James  S. 

Webb,   Howard  Scott,   University  of  Maine. 
Woods,  Charles  D.,  University  of  Maine. 

Portland. 
Baxter,  James  Phinney,  Public  Library. 
Sweat,  Mrs.  Margaret  J.  M.,  103  Spring  St. 

RuMFORD  Falls. 
Mixer,  Chas.  Adam,  Rumford  Falls  Power  Co. 

Wiscassett. 
Farley,  Godfrey  Pearson,  W.  W.  &  F.  R.R.  Co. 

Yarmouthvillf 
Hammond,  George  W. 

MARYLAND. 
Annapolis. 
Brown,  S.  J.,  United  States  Naval  Academy. 
See,  T.  J.  J.,  U.  S.  Naval  Academy. 
Updegraff,   Milton,   U.   S.   Naval  Academy. 

Annapolis  Junction. 
Dorsey,   N.   Ernest. 

Baltimore. 
Abel,  John  J.,  Johns  Hopkins  University. 
Ashcraft,  A.  M.,  P.  O.  Box  742. 

Bardeen,    Charles    Russell,    Anatomical    Lab.,    Wolfe    and    Monu- 
ment Streets. 
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Barrie,  George,  Johns  Hopkins  University. 

Brooks.  William  Keith,  Johns  Hopkins  University. 

Clark,  Miss  May,  The  Woman's  College. 

Clarke,  William  Bullock,  Johns  Hopkins  University, 

Cohen,  Mendes,  825  North  Charles  Street. 

Cushing,  Harvey,  3  West  Franklin  Street. 

Dawson,  Percy  Millard,  Johns  Hopkins  Medical  School. 

Edmonds,  Richard  H.,  care  "Manufacturer's  Record." 

Fassig,  Oliver  Lanard,  Johns  Hopkins  University. 

Franklin,  Mrs.  C.  Ladd,  516  Park  Avenue. 

Friedenwald,   Harry,   1029  Madison  Street. 

Gates,  Fanny  Cook,  Woman  s  College. 

Getman,  Frederick  H.,  Johns  Hopkins  University. 

Gilchrist,  T.  Caspar,  317  No.  Charles  Street. 

Gil  man,  Daniel  C,  Johns  Hopkins  University. 

Glaser,  C,  21  South  Gay  Street. 

Glenn,  William,    1348   Block  Street. 

Goucher,  John  Franklin,  The  Woman's  College. 

Halsted,  William  Stewart,  1201  Eutaw  Place. 

Hammel,  William  C.  A.,  State  Normal  School. 

Hebden,  Edwin,  730  Colorado  Avenue. 

Hemmeter,  John  C,  1734  Linden  Avenue. 

Hooker,  Donald  R.,   1707  Fairmount  Avenue. 

Howard,  Wm.  Lee,   11 26  North  Calvert  Street. 

Howell,  William  H.,  Johns  Hopkins  University. 

Jacobs,  Henry  Barton,  Johns  Hopkins  Medical  School. 

Jewell,  Lewis  E.,  Johns  Hopkins  University. 

Keilholtz,  Pierre  Otis,  Continental  Trust  Building. 

Keller,   Edward,   Box  724. 

Knower,  Henry  McE.,  Johns  Hopkins  Medical  School. 

Latimer,  Thomas  S.,  211  West  Monument  Street. 

Lee,  Willis  Thomas,  Johns  Hopkins  University. 

Lehmann,  G.  W.,  City  Hall  Annex. 

Lchmann,  Leslie  P.,  32  South  Street. 

Marmor,  J.  D.,  181  2  McCulloh  Street. 

Martin,  George  C,  Johns  Hopkins  University. 

Metcalf,  Maynard  M.,  The  Woman's  College. 

Miles,   Francis  T.,   514  Cathedral  Street. 

Miller,  Benjamin  L.,  Johns  Hopkins  University. 

Miller,   Edgar  G.,   213  East  German  Street. 

Osier,  William,  Johns  Hopkins  University. 

Paton,  Stewart,  213  West  Monument  Street. 

Piatt,  Walter  B.,  802  Cathedral  Street. 

Pole,  Arminius  C,  2038  Madison  Avenue. 

Reid,  Harry  Fielding,  Johns  Hopkins  University. 
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Remsen,   Ira,  Johns   Hopkins   University. 

Shattuck,  George  Burbank,  Johns  Hopkins  University. 

Simon,  William,   1348  Block  Street. 

Springsteen,  Harry  W.,  Johns  Hopkins  University. 

Steuart,  Arthur,  951  Equitable  Building. 

Thayer,  W.  S.,  406  Cathedral  Street. 

Todd,  William  J..   Mt.   Washington. 

Uhler,  Philip  R.,  254  West  Hoffmann  Street. 

Waters,  C.  E.,  Johns  Hopkins  Uni\ersity. 

Welch,  William  Henry,  935  St.  Paul  Street. 

Williams,  J.   Whitridge,  Johns   Hopkins   University. 

Wood,  Robert  Williams,  Johns  Hopkins  University. 

Young,  Walter  Douglas,  309  Oakdale  Road,  Roland  Park. 

Cheltenham. 
Schiiltz,  Louis  G.,  Magnetic  Observatory. 

Chevy  Chase. 
Bliss,   Charles  B. 
Gordon,'  Gustavus  Ede. 

College   Park. 
Blodgett,  Frederick  H.,  Agricultural  College. 
Lanahan,  Henry,  Agricultural  College. 
McDonnell,  Henry  B.,  Agricultural  College. 
Norton,  J.   B.  S.,  Agricultural  College. 
Patterson,    Harry  J.,   Agricultural   College. 
Silvester,    Richard  W.,   Agricultural   College. 

Cumberland. 
Gordon,   Robert  H. 
Hartley,    Frank. 

Frederick. 
Apple,  Joseph  H.,  Woman's  College. 

Frostburg. 
Randolph,  Beverly  S.,  Consolidation  Coal  Company. 

Gaithersburg. 
Davis,  Herman  S.,  International  Latitude  Station. 

Lake   Roland. 
Brooks,  Charles  Edward. 

Port   Deposit. 
Harris,  Abram  W. 
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MASSACHUSETTS. 

Amherst. 
Brooks,   William   P. 
Emerson,  Benjamin  K.,  Box  203. 
Goessmann,  C.  A.,  Agricultural  College. 
Harris,   Elijah  P.,  Amherst  College. 
Hopkins,  Arthur  John,  Amherst  College. 
Howard,  S.   Francis,  Agricultural  College. 
Kimball,  Arthur  Lalanne,  Amherst  College. 
Loomis,  Frederick  B.,  Amherst  College. 
Lull,    Richard  S. 

Stone,   George  E.,   Agricultural   College. 
Thompson,  Joseph  Osgood. 
Todd,   David   P.,   Amherst  College. 

Andover. 
Brewster,  Edwin  Tenney,  Phillips  Academy. 
Graham,  James  Chandler,  Phillips  Academy. 
Lansing,  John  Ernest,  Phillips  Academy. 
Mason,  Nellie  M.,  Abbott  Academy. 
Mills,  Frank  Smith,  68  Central  Street. 
Moorehead,  Warren  K.,   Phillips  Academy. 
Smith,  Arthur  W.,  52  Chestnut  Street. 
Williams,  Edw.  H. 

Sheffield,  Geo.  S. 

Blake,  Francis. 

Beverly. 
Peirce,  Benjamin  O.,  305  Cabot  Street. 

Boston. 
Abbot,  Samuel  L.,  90  Mt.  Vernon  Street. 
Atkinson,   Edward,  31   Milk  Street. 
Bangs,  Outrara,  240  Beacon  Street. 
Bartlett,  Francis,  40  State  Street. 

Barton,  George  Hunt,   Massachusetts  Institute  Technology. 
Beach,  Henry  Harris  Aubrey,  28  Commonwealth  Avenue. 
Bigelow,  Robert  P.,  Massachusetts  Institute  Technology. 
Blackall,  Clarence  Howard,  i  Somerset  Street. 
Blake,  Clarence  J.,   226  Marlborough  Street. 
Blake,  John  Bapst,  302  Beacon  Street. 
Bowditch,  Charles  P.,  28  State  Street. 
Briggs,   Edward  Cornelius,    129  Marlborough  Street. 
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Burke,  Robert  E.,  Mechanic  Arts  High  School. 

Burrell,  Herbert  L.,  22  Newbury  Street. 

Burton,   Alfred  E.,   Massachusetts   Institute  Technology. 

Cabot,   vSamuel,   70   Kilby  Street. 

Childs,   Arthur  Edward,   2;^   Central   Street. 

Cilley,  Frank  H.,  Massachusetts  Institute  Technology. 

Clarke,  Miss  Cora  H.,  91  Mt.  Vernon  Street. 

Clark,  John  S.,  no  Boylston  Street. 

Crafts,  James  Mason,  Massachusetts  Institute  Technology. 

Crosby,  W.  O.,  Massachusetts  Institute  Technology. 

Cross,  Charles  R.,  Massachusetts  Institute  Technology. 

Curtis,  George  C,  64  Crawford  Street. 

Davenport,   Francis   Henry,   419    Boylston   Street. 

Dearborn,  George  Van  Ness,  Tufts  Medical  and  Dental  Schools. 

Dexter,    Franklin,    Harvard    Medical   School. 

Dumaresq,   Philip  K.,  Sears  Building. 

Dwight,  Thomas,  Harvard  Medical  School. 

Engleman,  George  J.,  336  Beacon  Street. 

Field,  Geo.  W.,  Massachusetts  Institute  Technology. 

Fitz,   George  W.,  483   Beacon  Street. 

Gardiner,   Edward  G. ,    131   Mt.  Vernon  Street. 

Gill,  Augustus  Herman,  Massachusetts  Institute  Technology. 

Goodale,  Joseph  Lincoln,  397  Beacon  Street. 

Goodwin,  Harry  M.,  Massachusetts  Institute  Technology. 

Graham,  Douglas,  74  Boylston  Street. 

Green,  Milbrey,  567  Columbus  Avenue. 

Greenough,  Charles  P.,  39  Court  Street. 

Hardy,  Edward  R.,  31  Allen  Street. 

Harriman,  George  B.,  2 A  Park  Street. 

Haynes,   Henry  W.,   239   Beacon  Street. 

Hebbard,  Ellery  Cola,  122  Huntington  Avenue. 

Homans,  Amy  Morris,  97   Huntington  Avenue. 

Hosmer,  Sidney,  3  Head  Place. 

Hough,  Theodore,  Massachusetts  Institute  Technology. 

Hunt,  Mrs.  Mary  H..  23  Trull  Street. 

Jaques,  William  H.,  186  Devonshire  Street. 

Jeffries,  B.  Joy,   15  Chestnut  Street. 

Jelly,  George  Frederick,  69   Newbury  Street. 

Johnson,   Miss  Isabel  Louise,  467   Massachusetts  Avenue. 

Kelsey,   Harlan  Page,    11 50  Tremont   Building. 

Kinealy,  John  H.,  1108  Pemberton  Building.  ' 

Lancaster,   Walter   B.,    loi    Newbury  Street. 

Lanza,   Gaetano,   Massachusetts   Institute   Technology. 

Lawrence,  A.  E.,  53  Devonshire  vStreet. 

Laws,    Frank  Arthur,    Massachusetts   Institute   Technology. 
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Lee,  William  George,  Harvard  Medical  School. 

Lefavour,    Henry,   "The  Westminster." 

Lloyd,  Andrew  J.,  310  Boylston  Street. 

Lowell,  Percival,  53  State  Street. 

McQueeney,  Francis  J.,  46  Dartmouth  Street. 

Manning,  J.   Woodward,    11 50  Tremont   Building. 

Mason,  Amos  Lawrence,  265  Clarendon  Street. 

Matthews,  Albert,  145  Beacon  Street. 

Means,  James,  196  Beacon  Street. 

Michael,  Mrs.  Helen  Abbott,  35  West  Cedar  Street. 

Minns,  Miss  S.,  14  Louisburg  Square. 

Minot,  Charles  Sedgwick,  Harvard  Medical  School. 

Morse,  John  Torrey,  Jr.,  16  Fairfield  Street,  Back  Bay. 

Mullan,  W.  G.  R.,  Boston  College. 

Mulliken,   Samuel   P.,   Massachusetts  Institute  Technology. 

Munro,  John  Cummings,  Harvard  Medical  School. 

Murdoch,  John,    Public   Library. 

Myer,  Mrs.  Mary  H.,  44  Mt.  Vernon  Street. 

Naphen,  Henry  F.,  Pemberton  Building. 

Niles,  Wm.  H.,  Massachusetts  Institute  Technology. 

Noyes,  Arthur  A.,   Massachusetts  Institute  Technology, 

Osborne,  George  Abbott,  Massachusetts  Institute  Technology, 

O'SuUivan,  Denis  T.,  761   Harrison  Street. 

Paine,  Robert  Treat,  6  Joy  Street. 

Painter,  Charles  Fairbank,  372  Mulboro  Street. 

Palmer,  Ezra,   2  Lincoln  Hall,  Trinity  Court. 

Parker,   Richard  A.,  4  Post-Office  Square. 

Parker,  William  L.,  312   Dartmouth  Street. 
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Parkhurst,   Henry  M.,    173   Gates  Avenue. 

Peabody,  George  Foster,  28  Monroe  Place. 

Perry,  Arthur  C,  226  Halsey  Street. 

Peters,  Clayton  A.,  Polytechnic   Preparatory  School,   13th  Avenue 

and  56th  Street. 
Pierrepont,  Henry  E.,   216  Columbia  Heights. 
Pitts,  Thomas  Dorsey,  go  Halsey  Street. 
Redfield,  WilHam  C,  Rorough  Hall. 
Rothe,  William  G.,  226  Stuyvesant  Avenue. 
Ruland,  M.  A.,  53  Linden  Avenue. 
Schieren,  Charles  A.,  405  Clinton  Avenue. 
Schlichting,  Emil,  61   Hicks  Street. 
Schoonhoven,  John  J.,  34  Second  Place. 
Sebert,  WilHam  F.,  48  Strong  Place. 
Serviss,  Garrett  P.,  8  Middagh  Street. 
Sheldon,  Samuel,  Polytechnic  Institute. 
vSmith,  Mrs.  Annie  Morrill,  78  Orange  Street. 
Squibb,  Edward  Hamilton,   148  Columbia  Heights. 
Tibbals,  Geo.  A.,  148  Milton  Street. 
Velsor,  Joseph  A.,   105  McDonough  Street, 
von  Nardrofif,  Ernest  R.,  307  Madison  Street. 
Warner,  James  D.,  463  East  26th  Street,  Flatbush. 
Williston,   Arthur  L.,   Pratt  Institute. 
Wills,  Joseph  Lainson,  133  Midwood  Street. 
Wright,  Jonathan,  73  Remsen  Street. 
Wunderlich,  Frederick  W.,  165  Remsen  Street. 

Buffalo. 

Barrows,  Franklin  W.,  45  Park  Street. 

Bradley,  Charles  W.,  1064  EUicott  Square. 

Busch,  Frederick  Carl,  145  Allen  Street. 

Cary,   Mrs.    Elizabeth   M.   L.,    184   Delaware  Avenue. 

Fleming,  Miss  Mary  A.,  The  Oxford,  432  Pearl  Street. 

Glenny,  William  H. 

Houghton,  Frederick,  Public  School,  No.  7. 

Letson,  Miss  Elizabeth  J.,  366  Massachusetts  Avenue. 
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Mixer,  Fred.  K.,  546  Delaware  Avenue. 

Offinger,  Martin  H.,   Buffalo  Commercial    and  Electro-Mech.   Inst. 

Park.  Dr.  Roswell,  510  Delaware  Avenue. 

Pohlman,  Dr.  Julius,  404  Franklin  Street. 

Porter,  Miss  Edna,  94  Russell  Avenue. 

Rochester,  Delancey,  469  Franklin  Street. 

Smith,  Lee  H.,  663  Main  Street. 

Smith,  T.   Guilford. 

Sowers,  David  Wood,  179  North  Pearl  Street. 

Sperry,    Elmer  A.,    366-388   Massachusetts    Avenue. 

Starr,  Elmer  G.,  523  Delaware  Avenue. 

Stockton,  Charles  G.,  436  Franklin  Street. 

Canandaigua. 
Richardson,   Charles   A. 

Catskill. 
Van  Orden,  Charles  H. 

Cherry  Valley. 
Cox,    Abraham    Beekman. 

Clinton. 
Saunders,   A.   P.,   Hamilton  College. 
Smyth,  C.  H.,  Jr. 

College   Point. 
Hartz.  J.  D.  Aug. 

Cortland. 

Higgins,  F.  W.,  20  Court  Street. 

Croton-on-Hudson. 

Goldsborough,  John  Byron. 

Elma. 
Bancroft,  Alonzo  C. 

Elmira. 

Wolverton,  Byron  C,  P.  O.  Box  43. 

Floral   Park. 
Allen,  C.   L. 

Flushing. 
Clark,  Edmund,  426  Sanford  Avenue. 
Ward,   Delancey  W..    163   Madison   Avenue. 

Garrison-on-Hudson. 
Cheesman,    T.    M. 
Thompson,  Walter. 

Geneseo. 
Wadsworth,  William  A. 
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Geneva. 
Beach,  Spencer  Ambrose,  Experiment  Station. 
Brooks,  William  R..,  Smith  Observatory. 
Durfee,  William  P.,  639  Main  Street. 
Gilbert,   Norman  E.,  Hobart  College. 
Harding,  Harry  A.,  Experiment  Station. 
Jordan,  Whitman  H.,  Experiment  Station. 
Stewart,  Fred.  Carlton,  Experiment  Station. 
Van  Slyke,  Lucius  L.,  Experiment  Station. 

GOUVERNEUR. 

Anthony,    Mrs.    Emilia   C. 

Greene. 
Williams,  Frank  H. 

Greenwich. 
Sharpe,  Benjamin  F. 

Hamilton. 
Brigham,  Albert  Perry,  Colgate  University. 
Chester,  Wayland  Morgan,  Colgate  University. 
Child,  Clement  D.,  Colgate  University. 
McGregory,  J.  F.,  Colgate  University. 
Taylor,  James  M. 

Hastings-on-Hudson. 
Chrystie,  WilUam  F. 

Irvington-on-Hudson. 
Schuyler,   Philip. 

Ithaca. 
Allen,  Frank,  Cornell  University. 
Atkinson,  George  F.,  Cornell  University. 
Bancroft,   Wilder   Dwight,   Cornell   University. 
Barr,  John   H.,   Cornell   University. 
Bedell,   Frederick,  Cornell  University. 
Blaker,   Ernest,  Cornell  University. 
Caldwell,  George  C,  Cornell  University. 
Clark,  Judson  F.,  402  Eddy  Street. 
Craig,  John,  Cornell  University. 
Dennis,    Louis    Munroe,   Cornell    University. 
Durand,  Elias  J.,  402  Eddy  Street. 
Durand,  W.   F.,  Cornell  University. 
Fernow,  Bemhard  E.,  Cornell  University. 
Fish,  Pierre  A. 

Foxworthy,  Fred.  W..  Cornell  University. 
Gage,  Simon  Henry,  Cornell  University. 
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Gage,  Mrs.  Susanna  Phelps. 

Gifford,  John  Clayton,  State  College  of  Forestry. 

Gill.  Adam  Capen,  Cornell  University. 

Hoobler,  Bert  R.,  Cornell  University. 

Hopkins,  Grant  S.,  Cornell  University. 

Jacoby,  Henry  S.,  Cornell  University. 

Kerr,  Abram  T.,  Cornell   University. 

Kingsbury,  Benjamin  F.,  Cornell  University. 

Lauman,   George   Nieman,   Cornell   University. 

McMahon,  James,  Cornell  University. 

Mann,  Paul  B.,  45  East  Avenue. 

Merritt,  Ernest,  Cornell  University. 

Moler,  George  S.,  106  University  Avenue. 

Nichols,  E.  L.,  Cornell  University. 

Reed,  Hugh  D. 

Ries,    Heinrich. 

Rowlee,  W.  W.,  Cornell  Universitv. 

Ryan,  Harris  J.,  Cornell  University. 

Schurman,  J.    G..   Cornell   University. 

Shearer,  John  Sanford,  Cornell  University. 

Slingerland,  Mark  Vernon,  Cornell  University. 

Tanner,  John  Henry,  7  Central  Street. 

Tarr,  Ralph  Stockman,  Cornell  University. 

Thom,   Charles,   239   Hazen  Street. 

Thurston,  R.  H.,  Sibley  College,  Cornell  University. 

Townsend,  Anna  B,  214  Hazen  Street. 

Titchener,  E.  B.,  Cornell  University. 

Wiegand,  Karl  McKay,  Cornell  University. 

Wilder,  Burt  Green,  Cornell  University. 

Willcox,  Walter  F.,  Cornell   University. 

Jamaica. 
SJrrine,  F.  Atwood,  no  New  York  Avenue. 

Kenwood. 
Noyes,  Theodore  A. 

KiNGSTON-ON- Hudson. 
Gage-Day,  Mary,  207  Wall  Street. 

Larchmont. 
Neilson,  John. 

Long   Island  City. 
Richardson,  Clifford,   Barber  Asphalt   Paving  Company 

LOWVILLE. 

Stephens,   W.    Hudson. 
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MiDDLETOWN. 

Wilbur,  A.  B. 

MOHEGAN. 

Kunz,  George  H. 

Mount  Vernon. 
Blackmore,  Henry  S.,  206  South  9th  Avenue. 
Davis,  Abial  B.,  129  East  Lincoln  Avenue. 
Youmans,  Vincent  J.,  175  Elm  Place. 

New   Brighton. 
Ransome,  Ernest  Leslie,  Westervelt  and  4th  Avenues. 

Newburgh. 
Allan,  Charles  F. 
Crane,  James  M. 

Doughty,  John  W.,  165  Johnston  Street. 
Esmond,  Darwin  W. 
Foster,  William. 

Gleason,  W.  Stanton,  143  Grand  Street. 
Gouldy,  Miss  Jennie  A. 
Hirschberg,   Michael   H. 
Leslie,    Miss   Augusta. 
Lockwood,   Cornelius  Wygant. 
Macdonald,  Benjamin  J.,   296  Grand  Street. 
Mitchell,  James. 
Robinson,  Charles  Dwight. 
Weed,  J.  N.,  244  Grand  Street. 
Weygant,  Charles  H. 
Wilkinson,  John  G. 
Williams,  Charles  S.,   166  Montgomery  Street. 

New   Hartford. 
Scripture,  Arthur  M. 

New  Rochelle. 
Pryer,  Charles. 

New   York. 
Abbe,  Robert,  13  West  50th  Street. 
Adams,  Edward  Dean,  35  Wall  Street. 
Adams,  Ernest  Kempton,  455  Madison  Avenue. 
Adler,  L,  12  East  60th  Street. 
Adriance,  John  S.,  105  East  39th  Street. 
Alexander,  Harry,  18  and  20  West  34th  Street. 
Allison,  Ilendery,  260  West  57th  .Street. 
Alpers,  William  C,  45  West  31st  Street. 
Amundson,  John  A.,   146  Broadway. 
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Anderson,  A.  J.  C,  127  Water  Street. 

Andrews,   William  C,   Columbia   University. 

Anthony,  Richard  A.,   122-124  Fifth  Avenue. 

Anthony,  William  A.,  Cooper  Union. 

Archer,  George  F.,  31  Burling  Slip. 

Arnold,  Mrs.  Francis  B..  loi  West  78th  Street. 

Aspinwall,  John,   290   Broadway. 

Auchincloss,  William  S.,  36  West  12th  Street. 

Austen.  Peter  T.,  80  Broad  Street. 

A. very,  Samuel  P.,  4  East  38th  Street. 

Baker,   Frederic,   815   Fifth  Avenue. 

Balch,   Samuel  W.,   67   Wall  Street. 

Bangs,  Lemuel  Bolton,  127  East  34th  Street. 

Banks,  William  C,  439  East  144th  Street. 

Barber,  Amzi  L.,   7  East  42d  Street. 

Barbour,  Thomas,  50  White  Street. 

Barnes,  Edward  W.,  Box  446. 

Beck,  Carl,  37  East  31st  Street. 

Beekman,  Gerard,  47  Cedar  Street. 

Beers,  M.   H.,  410   Broadway. 

Bell.  C.  M.,  320  Fifth  Avenue. 

Belmont,  August,  23  Nassau  Street. 

Benedict,  James  H.,  14  East  70th  Street. 

Benham,  J.  W.,  26  West  23d  Street. 

Bennett,   Henry  C,  4th  Flat,    1692   Broadway. 

Bentley,  Wray  Annin,   Columbia  University. 

Bernheimer,  Charles  L.,  43  East  63d  Street. 

Bickmore,  Albert  S.,  American  Museum  Natural  History. 

Bien,  Julius,   140  6th  Avenue. 

Bigelow,  Maurice  A.,  Columbia  University. 

Biggs,  Charles,   13  Astor  Place. 

Billings,   Miss  E.,    279   Madison  Avenue. 

Bishop,  Heber  R.,  Mills  Building. 

Blake,  Joseph  A.,  601  Madison  Avenue. 

Blakeman,  Mrs.  Birdseye,  9  East  44th  Street. 

Bliss,  Cornelius  N.,  117  Duane  Street. 

Bloodgood,  John  H.,  6  West  40th  Street. 

Boas,  Emil  L.,  37  Broadway. 

Boas,    Franz,   American    Museum   Natural    History. 

Bogert,   Marston  Taylor,  Columbia  University. 

Bookman,  Samuel,  9  East  6 2d  Street. 

Bowker,  R.  R.,  28  Elm  Street. 

Bradley,  Charles  S.,  44  Broad  Street. 

Bramwell,  George  W.,   335   Broadway. 

Bristol,  John  I.   D.,  Metropolitan  Building. 
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Britton,  N.  L.,  Bronx  Park. 

Bronson,  E.  B.,  lo  West  34th  Street. 

Brown,  Joseph  Stanford,  489  Fifth  Avenue. 

Brown,  W.  L.,  42  West  7  2d  Street. 

Brownell,  Silas  B.,  71  Wall  Street. 

Bruggerhof,  F.  W.,  36  Cortlandt  Street. 

Bryan,  Walter,  42  East  28th  Street. 

Buchholz,  Carl  W.,  21  Cortlandt  Street. 

Bumpus,   H.  C,  American  Museum  Natural  History. 

Burchard,  Anson  W.,  44  Broad  Street. 

Burgess,  Edward  S.,  11  West  88th  Street. 

Burr,  William  H.,  Columbia  University. 

Burton-Opitz,   Russell,  Columbia  University. 

Calder,  George,  105  East  2 2d  Street. 

Calkins,  G.   N.,  Columbia  University. 

Cammann,  Hermann  H.,  51  Liberty  Street. 

Carss,  Miss  Elizabeth,  Teachers'  College. 

Carter,  Henry  C,  475  West  143d  Street. 

Carter,  James  C,   277   Lexington  Avenue. 

Carter,  Marion  H.,  504  West  143d  Street.  ' 

Caswell,  W.  H.,  201  West  5 5th  Street. 

Cathcart,  Miss  J.  R.,  The  Barnard. 

Catt,  Geo.  W.,  Park  Row  Building. 

Cattell,  James  McKeen,  Columbia  University. 

Chamberlin,  W.  E.,  iii  Water  Street. 

Chambers,  Frank  R.,  842  Broadway. 

Chandler,  C.   F.,  Columbia  University. 

Childs,  James  E.,  300  West  93d  Street. 

Chisholm,  Hugh  J.,  813  Fifth  Avenue. 

Chisolm,  George  E.,  19  Liberty  Street. 

Church,  E.  D.,  Jr.,  63  Wall  Street. 

Churchill,  Wm.  W.,  26  Cortlandt  Street. 

Churchward,  Alexander,  44  Broad  Street. 

Clark,  Ernest  P.,  sSth  Street. 

Clark,  William  Brewster,  50  East  31st  Street. 

Cochran,  W.   Bourke,  31   Nassau  Street. 

Coffin,  C.  A.,  44  Broad  Street. 

Cole,  George  Watson,  Graham  Court,  1925  7th  Avenue. 

Conant,  Charles  A.,  38  Nassau  Street. 

Conant,  Miss  E.  Ida,  42  West  48th  Street. 

Copper,  Edward,   12  Washington  Square,  North. 

Corthell,  Elmer  L.,  i  Nassau  Street. 

Cox,  Charles  F.,  Grand  Central  Depot. 

Cox,  Edmund  O.,  1878  Seventh  Avenue. 

Crampton,    Henry   E.,   Columbia   University. 
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Cranford,  J.  P.,  Wakefield. 

Crocker,  Francis  B.,  Columbia  University. 

Crosby,  William  Edward,  1603  Amsterdam  Avenue. 

Curtis,  Carlton  C,  Columbia  University. 

Curtis,  Charles  B.,  9  East  54th  Street. 

Curtis,  G.  Lenox,  7  West  58th  Street. 

Curtis,  H.  Holbrook,  118  Madison  Avenue. 

Cutler,  Colman  Ward,  36  East  33d  Street. 

Cutter,   Ephraim,   120  Broadway. 

Cutter,  W.   D.,  College  of  Physicians  and  Surgeons. 

Dana,   Charles  L.,   50  West  46th  Street. 

Davies,  William  G.,   22   East  45th  Street. 

Davis,   Bergen,   Columbia   University. 

Davis,  William  Harper,  Columbia  University. 

Day,  William  Scofield,  Columbia  University. 

de  Coppet,  Henry,  22  West  17th  Street. 

de  Forest,  Robert  W.,  30  Broad  Street. 

De  Garmo,  Wm.  B.,  56  West  36th  Street. 

Deimel,  Richard  F.,  209  West  97th  Street. 

Delafield,  Maturin  L.,  Jr.,  Fieldston,  River  dale. 

Dellenbaugh,  Frederick  S.,  Century  Club. 

Dennett,  William  S.,  8  East  4Qth  Street. 

de  Raasloff,  Harold,  18  Burling  Slip. 

Devereux,  W.   B.,  99  John  Street. 

Dickerson,  E.   N.,   141   Broadway. 

Dimock,  Mrs.  Henry  F.,  25  East  60th  Street. 

Dodge,  D.  Stuart,  225  Madison  Avenue. 

Dodge,   Philip  T.,  Tribune  Building. 

Dodge,   Richard   E.,   Columbia   University. 

Dodman,  Alfred  C,  Jr.,  235  West  io8th  Street. 

Doherty,  Henry  L.,  40  Wall  Street. 

Douglas,  James,  99  John  Street. 

Douglass,  Andrew  E.,  American  Museum  of  Natural  History. 

Draper,   Daniel,   New  York  Meteorological  Observatory. 

Draper,  Mrs.  Henry,  271  Madison  Avenue. 

Dreyfus,  William,   162   East  95th  Street. 

Drummond,  Isaac  Wyman,  436  West  2 2d  Street. 

Dunham,  Edward  K.,  338  East  26th  Street. 

Durand,  John  S.,    146   Broadway. 

Dwight,  Jonathan,  Jr.,  2  East  34th  Street. 

Earle,  F.  S.,   Bronx  Park. 

Earll,  Charles  I..  76  WiUiam  Street. 

Eimer,  August,   220  East  19th  Street. 

Elliott,  George  T.,  Cornell  Medical  College. 

Eno,  A.  F.,  32   Fifth  Avenue. 
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Eno,  John  Chester,   Waldorf-Astoria  Hotel. 

Faile,  Thomas  H.,  Murray  Hill  Hotel. 

Fairchild,  B.  T.,  P.  O.  Box  1120. 

Falding,   Frederic  J.,   52   Broadway. 

Falk,  Gustav,  24  East  8ist  Street. 

Farrand,   Livingston  H.,  Columbia  University. 

Farwell,  Elmer  S.,  507  West  14 2d  Street. 

Fay,  L.  G.,  20  Exchange  Place. 

Ferguson,  L.  L.    155  Broadway. 

Fernald,  F.  A.,  Broadway  and  117th  Street. 

Fisher,  George  E.,  37  and  39  Wall  Street. 

Fiske,  Thomas  S.,  Cokimbia  University. 

Fletcher,  Andrew,  339  West  77th  Street. 

Flint,  Austin,  Cornell  University  Medical  College. 

Ford,  James  B.,   507  Fifth  Avenue. 

Foster,  Macomb  G.,  P.  O.  Box  11 20. 

Fox,  William,  College  of  the  City  of  New  York. 

Fraenkel,  Joseph,  46  East  75th  Street. 

Frankland,  Frederick  W.,  346  Broadway. 

Freeborn,  George  C,  215  West  70th  Street. 

Freeman,  T.  J.  S.,  St.  John's  College. 

Fries,  Harold  H.,  92  Reade  Street. 

Frissell,  H.  S.,  5th  Avenue  and  44th  Street. 

Frost,  George  H.,  220  Broadway. 

Fuller,  George  W.,   170  Broadway. 

Furst,  Clyde,  Columbia  University. 

Gahagan,  William  L.,  141  Broadway. 

Gardner,  George  Clinton,  416  Beach  Street,  North. 

Garver,  John  A.,  44  Wall  Street. 

Geisler,  Joseph  F.,-  New  York  Mercantile  Exchange. 

Gies,  William  J.,  College  of  Physicians  and  Surgeons. 

Godkin,  Mrs.  E.  L.,  36  West  loth  Street. 

Goodnow,  Henry  R.,  95  Riverside  Drive. 

Gordon,  Reginald,  315  West  71st  Street. 

Graham,  R.  D.,  281  Fottrth  Avenue. 

Gratacap,  L.  P.,  77th  Street  and  8th  Avenue. 

Greeff,  Ernest  F.,  37  West  88th  Street. 

Green,  Horace,  15  Spruce  Street. 

Greenough,  John,  31  West  35th  Street. 

Griffin,   Eugene,  44   Broad  Street. 

Grinncll,  George  Bird,  346  Broadway. 

Grosvenor,  Edwin  P.,  414  West  iiStli  Street. 

Groszmann,  M.  P.  E.,  "Pinehurst,"  Depot  Lane,  Wash'n    Heights. 

Ha'gar,  Stansbury,  48  Wall  Street. 

Hague,  James  D.,  18  Wall  Street. 
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Haight,  Stephen  S.,  976  East  179th  Street. 

Hallock,  Albert  P.,  440  ist  Avenue. 

Hallock,  WiUiam,  Columbia  University. 

Hammer,  "William  Joseph,  1406  Havemeyer  Building. 

Hammond,  Mrs.  John  Hays,  32   Riverside  Drive. 

Haslacher,  Jacob,  100  William  Street. 

Havemeyer,  W.  F.,  32  Nassau  Street. 

Hay,  O.  P.,  American  Museum  Natural  History. 

Haynes,  Miss  Caroline  C,  16  East  36th  Street. 

Hays,   B.   Frank,   Bensonhurst. 

Hazen,  Tracy  E.,  174  West  87th  Street. 

Hearn.  David  Wilham,  30  West  i6th  Street. 

Hendricks,  Henry  H.,  49  Clifi  Street. 

Henrich,  Carl,  Room  1014  No.  Broad  Street. 

Henzey,  Samuel  Alexander,  52  Broadway. 

Hering,  Daniel  Webster,  New  York  University. 

Hering,   Rtidolph,   170  Broadway. 

Herman,  Mrs.  Esther,  59  West  56th  Street. 

Herter,  Christian  A.,  819  Madison  Avenue. 

Herzog,  Felix  B.,  51  West  24th  Street. 

Higginson,  James  J.,  16  East  41st  Street. 

Higley,    Warren,    68    West   40th    Street. 

Himowich,   Adolph  A.,    130   Henry  Street. 

Hinton,  John  H.,  41  West  32d  Street. 

Hiss,   P.   Hanson,   28  Washington  Square,   North. 

Hitchcock,    Romyn,    20   Broad  Street. 

Hodges,   Miss  Julia,   57   West  39th  Street. 

Hoe,  Mrs.  R.,  Jr.,  11  East  36th  Street. 

Hoe,  Mrs.  Richard  M.,  11  East  71st  Street. 

Holbrook,  Percy,  145  West  69th  Street. 

Hoi  den,  Edwin  R.,   13  East  79th  Street. 

Hollick,  Arthur,  Bronx  Park. 

Holt,  Chas.,  255  North  45th  Street. 

Holt,  Henry,  29  West  23d  Street. 

Homer,  Charles  S.,   245   Broadway. 

Hopkins,   George  B.,   52   Broadway. 

Hovey,   Edmund  O.,   American   Museum  Natural   History. 

Howe,   Henry  M.,   Columbia  University. 

Howe,  J.  Morgan,   12  West  46th  Street. 

Howe,  Marshall  A.,   Bronx  Park. 

Howell,  Wilson  Stout,  14  Jay  Street. 

Hrdlicka,  AliJs,  American  Museum  Natural  History. 

Hubbard,  Walter  C,   Coffee   Exchange   Building. 

Huddleston,  John  H.,  126  West  85th  Street. 

Humphreys,  Alexande*  C,  31   Nassau  Street. 
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Hunter,  George  W.,  Jr.,   541   West   124th  Street. 

Huntington,  G.  S.,  Columbia  University. 

Hyde,  B.  T.  Babbitt,  20  West  53d  Street. 

Hyde,    E.    Francis,    Hotel    Netherland. 

Hyde,  Miss  Elizabeth  Mead,  210  East  iSth  Street. 

Hyde,  Frederick  E.,  20  West  53d  Street. 

Hyde,  Frederick  E.,  Jr.,  20  West  53d  Street. 

Hyde,  Henry  St.  J.,  210  East  i8th  Street. 

Ingram,  Edw.  L.,  N.  Y.  Navy  Yard. 
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[A  list  of  deceased  members  of  the  Association,  so  far  as  known 
at  the  time  of  publishing  the  volume  of  Proceedings  of  the  Spring- 
field meeting,  May,  1896,  is  given  in  that  volume.  At  the  Buffalo 
meeting  the  Council  directed  the  Permanent  Secretary  to  omit 
the  printing  of  the  full  list  of  deceased  members  in  the  annual  vol- 
umes and  to  print  only  the  additions  to  the  list.  Since  the  publica- 
tion of  the  list  printed  in  the  Pittsburg  Proceedings  (Vol.  51)  notices 
have  been  received  of  the  decease  of  the  following  members.] 

Barge,    B.   F.,   Mauch  Chunk,    Pa.    (3;^).      Died  October  30,  1902. 
Briihl,  Gustav,  John  and  Hopkins  Sts.,  Cincinnati,  Ohio.    (28). 
Carnell,  Frederic  James,  Yale  University,  New  Haven,  Conn.    (50). 

Died   November   15,    1902. 
Chester,  Albert  H.,  Rutgers  College,  New  Brunswick,  N.  J.    (29). 

Died  April   13,   1903. 
Clark,  Edward,  417  4th  St.,  N.W.,  Washington,  D.  C.    (40).    Died 

January  6,   1903. 
Clark,  Joseph  E.,  St.  Peters  Hospital,  Brooklyn,  N.  Y.    (43).    Died 

January  19,  1903. 
Crombie,  John  B.,  500    North  Avenue  West,  Allegheny,  Pa.    (51). 

Died  December  22,  1902. 
Davis,  J.   Woodbridge,   523   W.    173d  St.,   New  York,   N.   Y.    (47). 

Died    November   7,    1902. 
Dunn,    Miss    Louise     Brisbin,    Columbia    University,    New    York, 

N.  Y.   (47). 
Fox,  Oscar  C,  U.  S.  Patent  Office,  Washington,  D.  C.  (36).    Died 

June  6,   1902. 
Greene,  J.   Evarts,   98   Lincoln  St.,   Worcester,   Mass.    (47).      Died 

November  8,    1902. 
Greenleaf,  Robert  Willard,  561   Boylston  St.,  Boston,  Mass.    (47). 
Harkness,  William,   U.  S.  Naval  Observatory,   Washington,   D.  C. 

(26).    Born  December  17,  1837.      Died  February  28,  1903. 
Herthel,  Adolph,   1739  Waverly  Place,  St.  Louis  Mo.    (50).      Died 

October   15,    1901. 
Hewitt,  Abram  S.,  9  Lexington  Avenue,  New  York,  N.  Y.  (49). 
Hoffman,  Eugene  Aug.,  i  Chelsea  Square,  New  York,  N.  Y.    (36). 

Died  June   17,    1902. 
James,  Bushrod  W.,  i8th  and  Green  Sts.,  Philadelphia,  Pa.    (29). 

Died  January  6,  1903. 
Jesup,  James  R.,   555   Fifth  Ave.,    New  York,   N.   Y.    (50).      Died 

February  26,   1902. 
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Kedzie,  Robert  C,  Agricultural  College,  Mich.  (29).  Died  No- 
vember 7,   1902. 

Lesley,  J.  Peter,  P.  O.  Box  93,  Milton,  Mass.    (2). 

Lord,  Benjamin,  34  W.  28th  St.,  New  York,  N.  Y.  (36).  Died 
May   3,    1902. 

Osborn,  Mrs.  W.  H.,  32  Park  Ave.,  New  York,  N.  Y.    (50). 

Packard,  Frederick  A.,  258  So.  i8th  St.,  Philadelphia,  Pa.  (51). 
Died  November  i,   1902. 

Powell,  J.  W.,  Washington,   D.  C.    (23). 

Putnam,  Mrs.  Mary  L.  D.,  Davenport,  Iowa.  (50).  Died  February 
20,    1903. 

Rich,  Jacob  Monroe,  50  West  38th  St.,  New  York,  N.  Y.  {33). 
Died  March  20,  1903. 

Richardson,  Alonzo  Blair,  Government  Hospital  for  Insane,  Wash- 
ington, D.  C.     (50).    Died  June  27,  1903. 

Rood,  Ogden  N.,  Columbia  University,  New  York,  N.  Y.  (14). 
Died  November  12,   1902. 

Roosevelt,  Mrs.  Marion  T.,  57  Fifth  Ave.,  New  York,  N.  Y. 

Runkle,  John  D.,  15  Everett  St.,  Cambridge,  Mass.  (2).  Died  July 
8,    1902. 

Wilson,  Joseph  Miller,   Drexel  Building,  Philadelphia,  Pa.    {33). 
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ADDRESS 

BY 

ASAPH  HALL, 

THE      RETIRING      PRESIDENT      OF      THE      ASSOCIATION. 


THE  SCIENCE  OF  ASTRONOMY. 

I  take  for  the  subject  of  my  address  the  science  of  astron- 
omy, and  propose  to  give  a  brief  historical  sketch  of  it,  to  con- 
sider its  future  development,  and  to  speak  of  the  influence  of 
the  sciences  on  civilization. 

The  science  of  astronomy  is  so  closely  connected  with  the 
affairs  of  life,  and  is  brought  into  use  so  continuously  and  in 
such  a  systematic  manner,  that  most  people  never  think  of 
the  long  labor  that  has  been  necessary  to  bring  this  science  to 
its  present  condition.  In  the  early  times  it  was  useful  to  the 
legislator  and  the  priest  for  keeping  records,  the  times  of 
public  ceremonies  and  of  religious  festivals.  It  slowly  grew 
into  the  form  of  a  science,  and  became  able  to  make  predic- 
tions with  some  certainty.  This  was  many  centuries  ago. 
Hipparchus,  who  lived  150  B.  C,  knew  the  periods  of  the 
six  ancient  planets  with  considerable  accuracy.  His  periods 
are: 

„    .    ,  Error  X  100. 

Period.  —p^A^dT-- 

Mercury 87'' .  9698  +  o'^.  0007 

Venus 224.7028  -)-   0.0009 

Earth 365. 2599  -(-   o.ooio 

Mans 686  .  9785  —   o  .  0002 

Jupiter 4332. 3192  —   o.oo6r 

Saturn 10758.3222  —   0.0083 

These  results  indicate  that  more  than  two  thousand  years 
ago  there  existed  recorded  observations  of  astronomy.     Hip- 
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parchus  appears  to  have  been  one  of  those  clear-headed 
men  who  deduce  results  from  observations  with  good  judg- 
ment. There  was  a  time  when  those  ancient  Greek  astrono- 
mers had  conceived  the  heliocentric  motions  of  the  planets, 
but  this  true  theory  was  set  aside  by  the  ingenious  Ptolemy, 
who  assumed  the  earth  as  the  center  of  motion,  and  explained 
the  apparent  motions  of  the  planets  by  epicycles  so  well 
that  his  theory  became  the  one  adopted  in  the  schools  of 
Europe  during  fourteen  centuries.  The  Ptolemaic  theory 
flattered  the  egotism  of  men  by  making  the  earth  the  center 
of  motion,  and  it  corresponded  well  with  old  legends  and 
myths,  so  that  it  became  inwoven  with  the  literature,  art 
and  religion  of  those  times.  Dante's  construction  of  Hell, 
Purgatory  and  Paradise  is  derived  from  the  Ptolemaic  theory 
of  the  universe.  His  ponderous  arrangement  of  ten  divisions 
of  Paradise,  with  ten  Purgatories,  and  ten  Hells,  is  said  by 
come  critics  to  furnish  convenient  places  for  Dante  to  put 
away  his'friends  and  his  enemies,  but  it  is  all  derived  from  the 
prevailing  astronomy.  Similar  notions  will  be  found  in 
Milton,  but  modified  by  the  ideas  of  Copernicus,  which  Milton 
had  learned  in  Italy.  The  Copernican  theory  won  its  way 
slowly,  but  surely,  because  it  is  the  system  of  nature,  and  all 
discoveries  in  theory  and  practical  astronomy  helped  to  show 
its  truth.  Kepler's  discoveries  in  astronomy,  Galileo's  dis- 
covery of  the  laws  of  motion,  and  Newton's  discovery  of  the 
law  of  gravitation,  put  the  Copernican  theory  on  a  solid 
foundation.  Yet  it  was  many  years  before  the  new  theories 
were  fully  accepted.  Dr.  Johnson  thought  persecution  a 
good  thing,  since  it  weeds  out  false  men  and  false  theories. 
The  Copernican  and  Newtonian  theories  have  stood  the  test 
of  observation  and  criticism,  and  they  now  form  the  adopted 
system  of  astronomy. 

The  laws  of  motion,  together  with  the  law  of  gravitation, 
enable  the  astronomer  to  form  the  equations  of  motion  for  the 
bodies  of  our  solar  system;  it  remains  to  solve  these  equa- 
tions, to  correct  the  orbits,  and  to  form  tables  of  the  Sun, 
Moon  and  the  planets.  This  work  was  begun  more  than  a 
century    ago,    and   it   has   been   repeated    for   the    principal 
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planets  several  times,  so  that  now  we  have  good  tables  of 
these  bodies.  In  the  case  of  the  principal  planets  the  labor 
of  determining  their  orbits  was  facilitated  by  the  approxi- 
mate orbits  handed  down  to  us  by  the  ancient  astronomers; 
and  also  by  the  peculiar  conditions  of  these  orbits.  For  the 
most  part  the  orbits  are  nearly  circular;  the  planets  move 
nearly  in  the  same  plane,  and  their  motions  are  in  the  same 
direction.  These  are  the  conditions  Laplace  used  as  the 
foundation  of  the  nebular  hypothesis.  With  approximate 
values  of  the  periods  and  motions,  and  under  the  other  favor- 
ing conditions,  it  was  not  difficult  to  form  tables  of  the 
planets.  However  the  general  problem  of  determining  an 
orbit  from  three  observations,  which  furnish  the  necessary 
and  sufficient  data,  was  not  solved  until  about  a  century 
ago.  The  orbits  of  comets  were  first  calculated  with  some 
precision.  Attention  was  called  to  these  bodies  by  their 
threatening  aspects,  and  by  the  terror  they  inspired  among 
people.  It  was  therefore  a  happy  duty  of  the  astronomers 
to  show  that  the  comets  also  move  in  orbits  around  the  Sun, 
and  are  subject  to  the  same  laws  as  the  planets.  This  work 
was  easier  because  the  comets  move  nearly  in  parabolas, 
which  are  the  simplest  of  the  conic  sections.  Still  the  gen- 
eral problem  of  finding  the  six  elements  of  an  orbit  from  the 
six  data  given  by  three  observations  remained  to  be  solved. 
The  solution  was  given  by  Gauss  a  century  ago  in  a  very 
elegant  manner.  His  book  is  a  model,  and  one  of  the  best 
ever  written  on  theoretical  astronomy.  No  better  experi- 
ence can  be  had  for  a  student  than  to  come  in  contact  with 
such  a  book  and  with  such  an  author.  The  solution  of  La- 
place for  the  orbit  of  a  comet  is  general,  but  demands  more 
labor  of  computing  than  the  methods  of  Olbers,  as  arranged 
by  Gauss.  It  is  said  by  some  writers  that  the  method  of  La- 
place is  to  be  preferred  because  more  than  three  observations 
can  be  used.  In  fact,  this  is  necessary  in  order  to  get  good 
values  of  the  derivatives  of  the  longitudes  and  latitudes  with 
respect  to  the  time,  but  it  leads  to  long  and  rather  uncertain 
computations.  Moreover  it  employs  more  data  than  are 
necessary,  and  thus  is  a  departure  from  the  mathematical 
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theory  of  the  problem.  This  method  is  ingenious,  and  by 
means  of  the  derivatives  it  gives  an  interesting  rule  for  judg- 
ing of  the  distance  of  a  comet  from  the  earth  by  the  curvature 
of  its  apparent  path,  but  a  trial  shows  that  the  method  of 
Olbers  is  much  shorter.  Good  preliminary  orbits  can  now 
be  computed  for  comets  and  planets  without  much  labor. 
This,  however,  is  only  a  beginning  of  the  work  of  determining 
their  actual  motions.  The  planets  act  on  each  other  and  on 
the  comets,  and  it  is  necessary  to  compute  the  result  of  these 
forces.  Here  again  the  conditions  of  our  solar  system  fur- 
nish peculiar  advantages.  The  great  mass  of  the  sun  exerts 
such  a  superior  force  that  the  attractions  of  the  planets  are 
relatively  small,  so  that  the  first  orbits,  computed  by  neglect- 
ing this  interaction,  are  nearly  correct.  But  the  interactions 
of  planets  become  important  with  the  lapse  of  time,  and  the 
labor  of  computing  these  perturbations  is  very  great.  This 
work  has  been  done  repeatedly,  and  we  now  have  good 
numerical  values  of  the  theories  of  the  principal  planets,  from 
which  tables  can  be  made.  Practically,  therefore,  this  ques- 
tion appears  to  be  well  toward  a  final  solution.  But  the 
whole  story  has  not  been  told. 

The  planets,  on  account  of  their  relative  distances  being 
great  and  because  their  figures  are  nearly  spherical,  can  be 
considered  as  material  particles  and  then  the  equations  of 
motion  are  readily  formed.  In  the  case  of  u  material  par- 
ticles acting  on  each  other  by  the  Newtonian  law,  and  free 
from  external  action,  we  shall  have  3;/  differential  equations 
of  motion,  and  6;/  integrations  are  necessary  for  the  complete 
solution.  Of  these  only  ten  can  be  made,  so  that  in  the  case 
of  only  three  bodies  there  remain  eight  integrations  that  can- 
not be  found.  The  early  investigators  soon  obtained  this 
result,  and  it  is  clearly  stated  by  Lagrange  and  Laplace. 
The  astronomer,  therefore,  is  forced  to  have  recourse  to  ap- 
proximate methods.  He  begins  with  the  problem  of  two 
bodies,  the  sun  and  a  planet,  and  neglects  the  actions  of  the 
other  planets.  In  this  problem  of  two  bodies  the  motions  take 
place  in  a  plane,  and  the  integrations  can  all  be  made.  Two 
constants  are  needed  to  fix  the  position  of  the  plane  of  motion, 
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and  the  four  other  constants  pertaining  to  the  equations  in  this 
plane  are  easily  found.  This  solution  is  the  starting  point 
for  finding  the  orbits  of  all  the  planets  and  comets.  The 
mass  of  the  sun  is  so  overpowering  that  the  solution  of  the 
problem  of  two  bodies  gives  a  good  idea  of  the  real  orbits. 
Then  the  theory  of  the  variation  of  the  elements  is  intro- 
duced, an  idea  completely  worked  out  into  a  practical  form 
bv  Lagrange.  The  elements  of  the  orbits  are  supposed  to  be 
continually  changed  by  the  attractions  of  the  other  planets. 
Bv  means  of  this  theory,  and  the  mathematical  machinery 
given  by  Lagrange,  which  can  be  applied  to  a  great  variety  of 
questions,  the  observations  of  the  planets  can  be  satisfied  over 
long  intervals  of  time.  When  this  theory  of  the  motions  was 
carried  out  a  centviry  ago  it  appeared  that  the  great  problem 
of  planetary  motion  was  near  a  complete  solution.  But  this 
solution  depends  on  the  use  of  series,  which  undergo  integra- 
tions that  may  introduce  small  divisors.  An  examination 
of  these  series  by  Hansen,  Poincare  and  others  indicates 
that  some  of  them  are  not  convergent.  Hence  the  conclu- 
sions formerly  drawn  about  the  stability  of  our  solar  system 
are  not  trustworthy,  and  must  be  held  in  abeyance.  But 
looking  at  the  construction  of  our  system,  and  considering  the 
manner  in  which  it  was  probably  evolved,  it  appears  to  be 
stable.  However,  the  mathematical  proof  is  wanting.  In 
finding  the  general  integrals  of  the  motions  of  n  bodies,  the 
assumption  that  the  bodies  are  particles  gets  rid  of  the  mo- 
tions of  rotation.  These  motions  are  peculiar  to  each  body, 
and  are  left  for  special  consideration.  In  the  case  of  the  earth 
this  motion  is  very  important,  since  the  reckoning  of  time, 
one  of  our  fundamental  conceptions,  depends  on  this  motion. 
Among  the  ten  general  integrals  that  can  be  found  six  belong 
to  the  progressive  motion  of  the  system  of  bodies.  They 
show  that  the  center  of  gravity  of  the  system  moves  in  a 
right  line,  and  with  uniform  velocity.  Accurate  observations 
of  the  stars  now  extend  over  a  century  and  a  half,  and  we 
are  beginning  to  see  this  result  by  the  motion  of  our  sun 
through  space.  So  far  the  motion  appears  to  be  rectilinear 
and  uniform,  or  the  action  of  the  stars  is  without  influence. 
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This  is  a  matter  that  will  be  developed  in  the  future.  Three 
of  the  other  general  integrals  belong  to  the  theory  of  areas,  and 
Laplace  has  drawn  from  them  his  theory  of  the  invariable 
plane  of  the  system.  The  remaining  integral  gives  the  equa- 
tion of  living  force.  The  question  of  relative  motion  re- 
mains, and  is  the  problem  of  theoretical  astronomy.  This 
has  given  rise  to  many  beautiful  mathematical  investiga- 
tions, and  developments  into  series.  But  the  modem  re- 
searches have  shown  that  we  are  not  sure  of  our  theoretical 
results  obtained  in  this  way,  and  we  are  thrown  back  on 
empirical  methods.  Perhaps  the  theories  may  be  improved. 
It  is  to  be  hoped  that  the  treatment  of  the  differential  equa- 
tions may  be  made  more  general  and  complete.  Efforts 
have  been  made  in  this  direction  by  Newcomb  and  others, 
and  especially  by  Gylden,  but  so  far  without  much  practical 
result. 

The  problem  of  three  bodies  was  encountered  by  the 
mathematicians  who  followed  Newton,  and  many  efforts  were 
made  to  solve  it.  These  efforts  continue,  although  the  com- 
plete investigations  of  Lagrange  appear  to  put  the  matter 
at  rest.  The  only  solutions  found  are  of  very  special  char- 
acter. Laplace  used  one  of  these  solutions  to  ridicule  the  doc- 
trine of  final  causes.  It  was  the  custom  to  teach  that  the 
moon  was  made  to  give  us  light  at  night.  Laplace  showed 
by  one  of  the  special  solutions  that  the  actual  conditions 
might  be  improved,  and  that  we  might  have  a  full  moon 
all  the  time.  But  his  argument  failed,  since  such  a  system  is 
unstable  and  cannot  exist  in  nature.  But  some  of  the  efforts 
to  obtain  partial  solutions  have  been  more  fruitful,  and  G.  W. 
Hill  has  obtained  elegant  and  useful  results.  These  methods 
depend  on  assumed  conditions  that  do  not  exist  in  nature, 
but  are  approximately  true.  The  problem  of  two  bodies  is  a 
case  of  this  kind,  and  the  partial  solutions  may  illustrate,  but 
will  not  overcome,  the  fundamental  difficulty. 

The  arrangement  of  our  solar  system  is  such  that  the  dis- 
tances of  the  planets  from  one  another  are  very  great  with 
respect  to  their  dimensions,  and  this  facilitates  very  much 
the  determination  of   their  motions.     Should   two   bodies   ap- 
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proach  very  near  each  other  the  disturbing  force  might  be- 
come great,  even  in  the  case  of  small  masses.  In  the  case  of 
comets,  this  condition  happens  in  nature,  and  the  comet  may 
become  a  satellite  of  a  planet,  and  the  sun  a  disturbing  body. 
In  this  way  it  is  probable  that  comets  and  meteoric  streams 
have  been  introduced  into  our  solar  system.  We  have  here 
an  interesting  set  of  problems.  This  question  is  sometimes 
treated  as  one  of  statics,  but  since  the  bodies  are  in  motion  it 
belongs  to  dynamics.  Further  study  may  throw  light  on 
some  relations  between  the  asteroids  and  the  periodical 
comets. 

The  great  question  of  astronomy  is  the  complete  and 
rigorous  test  of  the  Newtonian  law  of  gravitation.  This  law 
has  represented  observations  so  well  during  a  century  and  a 
half  that  it  is  a  general  belief  that  the  law  will  prove  true  for 
all  time,  and  that  it  will  be  found  to  govern  the  motions  of 
the  stars  as  well  as  those  of  our  solar  system.  The  proof 
is  cumulative  and  strong  for  this  generality.  It  will  be  a 
wonderful  result  if  this  law  is  found  rigorously  time  for  all 
time  and  throughout  the  universe.  Time  is  sure  to  bring 
severe  tests  to  all  theories.  We  know  that  the  law  of  gravi- 
tation is  modified  in  the  motions  of  the  matter  that  forms  the 
tails  of  comets.  There  is  an  anomaly  in  the  theory  of  Mer- 
cury which  the  law  does  not  explain,  and  the  motion  of  our 
moon  is  not  yet  represented  by  theory.  The  lunar  theory 
is  very  complicated  and  difficult,  but  it  does  not  seem  proba- 
ble that  the  defect  in  Hansen's  theory  will  be  found  by  re- 
computing the  periodical  coefficients,  that  have  been  already 
computed  by  many  mathematicians  and  astronomers,  and 
with  good  agreement  by  Hansen  and  Delaunay,  by  very 
different  methods.  Hansen  was  a  computer  of  great  skill, 
but  he  may  have  forced  an  agreement  with  observations, 
from  1750  to  1850,  by  using  a  coefficient  of  long  period  with 
an  erroneous  value.  No  doubt  the  error  of  this  theory  will 
be  discovered.  Back  of  all  theories,  however,  remains  the 
difficulty  of  solving  the  equations  of  motions  so  that  the 
result  can  be  applied  with  certainty  over  long  periods  of 
time.  Until  this  is  done  we  shall  not  be  able  to  subject  our 
law  to  a  crucial  test. 
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The  constants  that  enter  the  theories  of  the  planets  and 
moon  must  be  found  from  observations.  In  order  to  compare 
observations  made  at  distant  epochs,  the  motions  of  the  planes 
of  reference  must  be  known  with  accuracy,  and  also  the 
motion  of  our  solar  system  in  space.  As  the  stars  are  our 
points  of  reference  their  positions  and  their  proper  motions 
must  be  studied  with  great  care.  This  department  of  astrono- 
my was  brought  to  a  high  degree  of  order  by  the  genius 
of  Bessel,  whose  work  forms  an  epoch  in  modern  astronomy. 
The  recent  progress  made  in  determining  the  positions  of  the 
stars  in  all  parts  of  the  heavens  will  be  a  great  help  to  the 
investigations  of  the  future.  We  must  have  observatories 
where  accurate  and  continuous  observations  are  made.  Our 
country  is  well  situated  to  supplement  the  work  of  Europe, 
and  we  hope  it  will  never  fail  to  add  its  contribution  to  the 
annals  of  astronomy.  American  astronomers  should  keep 
pace  in  the  improvements  for  increasing  the  ease  and  accuracy 
of  making  observations.  The  spectroscope  has  given  a 
new  element  in  the  motions  of  the  stars,  not  to  speak  of  the 
interesting  physical  results  obtained  by  its  use.  Photog- 
raphy will  give  great  aid  in  determining  the  relative  posi- 
tions of  the  stars  and  in  forming  maps  of  the  heavens.  All 
new  methods,  however,  will  need  examination  and  criticism, 
since  they  bring  new  sources  of  error.  Fifty  years  ago  it 
was  thought  the  chronograph  would  increase  very  much  the 
accuracy  of  right  ascensions.  It  has  not  done  this  directly 
to  any  great  extent,  but  it  has  increased  the  ease  and  rapidity 
of  observing.  We  must  remember  that  astronomical  results 
finally  depend  on  meridian  observations,  and  that  it  is  the 
dutv  of  astronomers  to  make  these  continuous  from  generation 
to  generation.  In  this  way  we  shall  gain  the  powerful  in- 
fluence of  time  to  help  control  and  solve  our  problems.  There 
is  one  point  where  a  reform  may  be  needed  from  the  dead 
weight  of  the  large  and  expanding  volumes  sent  forth  by 
observatories  and  scientific  institutions.  The  desire  for  publi- 
cation is  great,  but  the  results  should  be  well  discussed  and 
arranged,  so  that  the  printing  may  be  shortened.  Otherwise 
our  publications  may  become  burdensome,   and  when   they 
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are  piled  up  in  libraries  some  future  Caliph  Omar  may  be 
tempted  to  burn  them.  Even  mathematics  appears  to 
labor  under  a  similar  oppression,  and  much  of  its  printed 
matter  may  be  destined  to  moulder  to  useless  dust. 

In  the  not  distant  future  stellar  astronomy  will  become  a 
great  and  interesting  field  of  research.  The  data  for  the 
motions  of  the  stars  are  becoming  better  known,  but  these 
motions  are  slow,  and  the  astronomer  of  to-day  looks 
with  envy  on  the  astronomer  of  a  thousand  years  hence, 
when  time  will  have  developed  these  motions.  Much 
may  be  done  by  the  steady  and  careful  work  of  observation 
and  discussion,  and  the  accumulation  of  accurate  data. 
Here  each  one  of  us  can  add  his  mite.  But  the  great  steps  of 
progress  in  science  have  come  from  the  efforts  of  individuals. 
Schools  and  universities  help  forward  knowledge  by  giving 
to  many  students  opportunities  to  learn  the  present  condi- 
tions, and  from  them  some  genius  like  Lagrange  or  Gauss 
may  come  forth  to  solve  hard  questions,  and  to  break  the 
paths  for  future  progress.  This  is  about  all  the  schools  can  do. 
We  need  a  body  of  men  who  can  give  their  lives  to  quiet  and 
continuous  study.  When  the  young  Laplace  was  helped  to  a 
position  where  he  could  devote  his  life  to  research  D'Alem- 
bert  did  more  for  the  progress  of  astronomy  than  all  the 
universities  of  Europe. 

One  needs  only  to  glance  at  history  to  see  how  useful 
astronomy  has  been  in  the  life  of  the  world.  It  has  wonder- 
fully enlarged  the  universe,  and  widened  the  views  of  men. 
It  shows  how  law  and  order  pervade  the  world  in  which  we 
live;  and  by  the  knowledge  it  has  disseminated  and  by  its 
predictions  it  has  banished  many  superstitions  and  fears.  The 
sciences  will  continue  to  grow,  and  they  will  exert  the  same 
influence.  The  erroneous  and  dogmatic  assertions  of  men 
will  be  pushed  aside.  In  our  new  country  the  energies  of  the 
people  are  devoted  chiefly  to  commercial  and  political  ends, 
but  wealth  is  accumulating,  leisure  and  opportunity  will 
come,  and  we  may  look  forward  to  a  great  development 
of  scientific  activity.  We  must  be  patient.  Men  do  not 
change  much  from  generation  to  generation.     Nations  that 
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have  spent  centuries  in  robbery  and  pillage  retain  their  dis- 
positions and  make  it  necessary  for  other  nations  to  stand 
armed.  No  one  knows  when  a  specious  plea  for  extending 
the  area  of  civilization  may  be  put  forth,  or  when  some  fanatic 
may  see  the  hand  of  God  beckoning  him  to  seize  a  country. 
The  progress  of  science  and  invention  will  render  it  more 
difficult  for  such  people  to  execute  their  designs.  A  century 
hence  it  may  be  impossible  for  brutal  power,  however  rich  and 
great,  to  destroy  a  resolute  people.  It  is  in  this  direction 
that  we  may  look  for  international  harmony  and  peace,  simply 
because  science  will  make  war  too  dangerous  and  too  costly. 

The  influence  of  the  sciences  in  bringing  men  of  different 
nationalities  into  harmony  is  great.  This  is  done  largely 
by  the  common  languages  that  are  formed  in  each  science. 
In  mathematics  the  language  is  so  well  formed  and  generally 
adopted  that  mathematicians  all  over  the  world  have  no 
trouble  in  understanding  one  another.  It  may  be  difficult  to 
read  Russian,  but  every  one  can  read  the  formulas  of  Tche- 
bitchef  and  Lobaschewsky.  In  astronomy  the  common 
language  is  nearly  as  well  established,  so  that  there  is  little 
difficulty  in  understanding  the  astronomy  of  different  na- 
tions. A  similar  process  is  going  on  in  chemistry,  botany 
and  in  the  other  sciences.  When  men  are  striving  for  the 
discovery  of  truth  in  fts  various  manifestations,  they  learn 
that  it  is  by  correcting  the  mistakes  of  preceding  investiga- 
tors that  progress  is  made,  and  they  have  charity  for  criti- 
cism. Hence  persecution  for  difference  of  opinion  becomes 
an  absurdity.  The  labors  of  scientific  men  are  forming 
a  great  body  of  doctrine  that  can  be  appealed  to  with  con- 
fidence in  all  countries.  Such  labors  bring  people  together, 
and  tend  to  break  down  national  barriers  and  restrictions. 
The  scientific  creed  is  constantly  growing  and  expanding, 
and  we  have  no  fears,  but  rejoice  at  its  growth.  We  need 
no  consistory  of  bishops,  nor  synod  of  ministers,  to  tell  us 
what  to  believe.  Everything  is  open  to  investigation  and 
criticism. 

In  our  country  we  have  one  of  the  greatest  theaters  for 
national  life  that  the  world  has  ever  seen.     Stretching  three 
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thousand  miles  from  ocean  to  ocean,  and  coveiing  the  rich 
valleys  of  the  great  rivers,  we  have  a  land  of  immense  re- 
sources. Here  is  a  vast  field  for  scientific  work  of  various 
kinds.  No  doubt  the  men  of  the  future  will  be  competent  to 
solve  the  problems  that  will  arise.  Let  us  hope  that  our 
national  character  will  be  just  and  humane,  and  that  we 
may  depart  from  the  old  custom  of  robbing  and  devouring 
weak  peoples.  Any  one  who  saw  the  confusion  and  waste 
in  this  city  in  1862  might  well  have  despaired  of  the  Republic; 
and  he  who  saw  the  armies  of  Grant  and  Sherman  pass 
through  the  city  in  1865  felt  that  he  need  fear  no  foreign  foe; 
neither  French  emperor,  nor  English  nobleman,  nor  the 
sneers  of  Carlyle.  To  destroy  a  democracy  by  external 
force  the  blows  must  be  quick  and  hard,  because  its  power 
of  recuperation  is  great.  The  danger  will  come  from  in- 
ternal forces  produced  by  false  political  and  social  theories, 
since  we  offer  such  a  great  field  for  the  action  of  charlatans. 
Our  schools  and  colleges  send  forth  every  year  many  educated 
people,  and  it  is  sometimes  disheartening  to  see  how  little 
influence  these  people  have  in  public  life.  Those  who  are 
trained  in  the  humanities  and  churches  ought  to  be  humane 
in  dealing  with  other  people,  ready  to  meet  great  emergencies 
and  powerful  to  control  bad  tendencies  in  national  affairs. 
But  this  is  rarely  the  case.  On  the  other  hand  the  most 
unscrupulous  apologists  and  persecutors  have  been  educated 
men,  and  the  heroes  of  humanity  have  come  froin  the  com- 
mon people.  This  anomaly  points  to  something  wrong  in 
the  system  of  education  which  should  disappear.  The 
increase  and  teaching  of  scientific  ideas  will  be  the  best  means 
of  establishing  simple  and  natural  rules  of  life.  Nature,  and 
science,  her  interpreter,  teach  us  to  be  honest  and  true,  and 
they  lead  us  to  the  Golden  Rule. 
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ON   THE  PHYSICAL  CONSTITUTION    OF   THE 
PLANET  JUPITER. 


The  planet  of  Jupiter  was  one  of  the  first  objects  xo  which 
the  telescope  of  Galileo  was  directed,  and  the  satellites  of 
the  planet  were  among  the  earliest  discoveries  made  by  that 
instrument.  In  1630  the  telescope  had  been  constructed 
with  sufficient  power  to  show  the  great  equatorial  belt. 
Previous  to  the  beginning  of  the  eighteenth  century  the 
principal  phenomena  seen  on  the  surface  of  Jupiter  had 
been  observed,  and  the  time  of  rotation  and  position  of  the 
axis  of  the  planet  ascertained.  Notwithstanding,  however, 
the  great  mass  of  facts  which  have  been  collected  from  ob- 
servations extending  over  a  period  of  200  years,  yet  up  to  the 
present  time  no  theory  of  the  physical  condition  of  the  surface 
has  been  advanced  which  has  met  with  universal  acceptance. 
In  order  that  the  subject  may  be  more  clearly  understood  it 
will  be  well  to  state  briefly  the  salient  features  presented  to 
the  eye  of  the  observer.  The  disk  of  Jupiter  appears  as  an 
ellipse  having  axes  in  the  ratio  of  14  to  15,  the  longer  axis 
lying  in  the  direction  of  the  planet's  equator.  The  equatorial 
diameter  is  about  89,000  miles. 

Now  as  the  axis  of  the  planet  is  nearly  perpendicular  to 
the  line  of  sight,  we  shall  see  objects  in  their  true  dimensions 
only  near  the  middle  of  the  disk  and  on  the  equator.  In  the 
revolution  of  the  planet  in  its  orbit,  the  equator,  as  seen  from 
the  earth,  may  be  displaced  ^.7,  degrees.     Therefore,  all  ob- 
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jects  seen  on  the  disk  may  apparently  be  shifted  in  latitude. 
At  the  equator  the  displacement  may  amount  to  i.i"  of  arc, 
or  about  one-sixteenth  of  the  polar  diameter,  while  in  higher 
latitudes  it  will  be  very  much  less,  and  at  the  latitude  of  70 
degrees  the  displacement  will  be  only  0.28"  of  arc. 

During  the  past  twenty-five  years  some  astronomers,  who 
have  observed  Jupiter  for  years,  imagine  that  when  the  planet 
is  turned  with  its  axis  three  degrees  toward  the  earth,  one 
would  be  able  to  see  to  the  pole  and  beyond.  I  may  say 
that  this  is  a  mistake,  for  the  reason  that  the  displacement 
of  three  degrees  would  amount  to  only  0.03"  near  the  pole. 
It  is  very  rare  that  any  objects  are  seen  beyond  40  degrees  of 
Jovian  latitude.  The  latitude  of  70  degrees  is  only  \"  from 
the  limb,  and  80  degrees  only  0.25"  from  the  limb  of  the 
planet.  Hence  objects,  if  they  existed  at  high  latitudes,  would 
be  practically  invisible.  During  twenty-three  years  of  ob- 
servation I  have  never  observed  a  separate  marking  beyond 
42  degrees  of  Jovicentric  latitude,  or  5.7"  of  arc  from  the 
limb,  except  on  one  night  when  a  small  white  spot  was  seen 
in  latitude  62  degrees,  or  within  2"  of  the  south  limb  of  the 
planet.  Usually  a  fine  shading  or  discoloration  of  the  disk 
is  S3en  near  the  poles.  The  planet  rotates  on  its  axis  in  a  little 
less  than  ten  hours,  and  hence  the  shape  and  size  of  an  object 
in  passing  across  the  disk  will  be  materially  modified  by  the 
effect  of  rotation.  An  object,  when  it  is  first  brought  into 
view  on  the  disk  by  rotation,  is  infinitely  short  in  length  and, 
as  it  is  brought  farther  on  by  rotation,  the  length  is  increased, 
and  reaches  its  maximum  when  on  the  central  meridian  of 
the  disk.  In  passing  off,  it  of  course  goes  through  the 
same  changes  in  apparent  size.  As  the  meridians  on  a  globe 
are  curved  lines,  objects  in  passing  across  the  disk  may  ap- 
parently be  displaced  in  longitude  in  regard  to  each  other, 
due  to  the  curvature  of  the  meridian,  viz.,  two  spots  lying 
in  different  latitudes  might  at  one  time  be  on  a  line  parallel  to 
the  polar  axis  of  the  planet  and,  when  brought  on  the  middle 
of  the  disk,  would  lie  in  different  longitudes.  Some  astrono- 
mers have  been  misled  by  phenomena  of  this  kind,  consid- 
ering it  to  be  a  real  motion  of  the  object,  when  in  fact  it  is 
simply  displacement  due  to  rotation. 
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In  order  then  to  know  what  plienomena  are  real  and  what 
are  apparent,  it  is  necessary  to  take  into  account  the  position 
of  the  earth  with  regard  to  Jupiter's  equator,  as  well  as  the 
position  of  the  object  on  the  disk  of  the  planet.  ■ 

Jupiter  is  distant  5.2  times  the  distance  of  the  earth  from 
the  sun,  and  at  mean  distance  1"  of  arc  amounts  to  2,300 
miles.  Now  owing  to  the  great  distance  of  the  planet  from 
the  earth,  the  objects  we  see  must  have  considerable  size  in 
order  to  be  visible.  I  presume  that  the  smallest  object  which 
has  been  observed  for  longitude  or  latitude  is  at  least  2,000 
miles  in  diameter.  In  the  case  of  a  line  or  streak  one  might 
be  able  to  see  with  the  aid  of  the  modern  telescope  o.i" 
of  arc  in  width,  which  on  Jtipiter  would  be  230  miles,  but 
all  the  markings  which  have  been  observed  are  considerably 
greater  in  size  than  this  minimum  value.  The  ordinar}^ 
spots  we  see  on  Jupiter,  from  which  rotation  time  has  been 
determined,  have  usually  been  upward  of  3,000  miles  in 
diameter,  where  the  spot  is  circular  or  elliptical. 

I  began  systematic  observations  on  Jupiter  in  the  year 
1879,  and  these  have  been  continued  every  year  with  the  ex- 
ception of  the  opposition  of  1888  and  a  part  of  1889,  when  the 
telescope  was  dismounted.  I  may  say  that,  previous  to 
this  period,  the  observations  of  phenomena  have  usually  been 
made  by  estimation.  This  was  true  with  regard  to  the  de- 
termination of  longitude  almost  without  exception,  and 
very  few  positions  in  latitude  have  ever  been  determined 
with  the  micrometer.  Amateur  observers,  who  have  no 
driving  clock  or  micrometer,  must  necessarily  rely  on  eye 
estimates  for  longitude  and  latitude,  but  when  a  telescope 
is  equipped  for  micrometer  work  there  is  no  better  excuse  for 
guessing  than  in  the  determination  of  the  distance  of  a  pair 
of  double  stars. 

Sketches  or  drawings  of  the  planet  Jupiter  are  of  very 
little  value  in  the  absence  of  other  data.  It  is  not  unusual 
to  hnd  the  latitude  of  conspicuous  markings  eight  or  ten 
degrees  in  error,  and  longitude  a  corresponding  amount. 
At  the  beginning  of  my  observations  on  Jupiter  I  decided  to 
fix  the  size  and  position  of  all  objects  seen  on  the  disk  bv 
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micrometrical  measurement.  By  such  a  system  of  pro- 
cedure positive  facts  will  be  established,  which  in  time  may 
enable  us  correctly  to  interpret  the  complicated  phenomena 
observed. 

During  the  past  twenty-five  years  the  so-called  canals  and 
double  canals  on  Mars  have  been  the  subject  of  much  dis- 
cussion. I  believe  if  their  position  were  fixed  by  micro- 
metrical  measurements,  we  should  soon  be  able  to  decide 
what  is  real  and  what  is  imaginary. 

In  order  to  use  the  micrometer  for  measurements  on  a 
planet,  it  is  necessary  to  know  the  size  of  the  disk.  Jupiter 
has  been  measured  by  many  astronomers,  both  with  the 
micrometer  and  with  the  heliometer,  but  the  measurements 
made  differ  considerably,  due  to  two  causes.  First,  irradia- 
tion, which  depends  on  the  size  of  the  telescope,  or  rather  on 
the  magnifying  power  employed.  Second,  the  increased  size 
of  the  image,  due  to  the  condition  of  the  atmosphere.  In  the 
use  of  the  heliometer  the  true  irradiation  may  be  eliminated, 
but  not  the  increased  size  of  the  disk  due  to  definition.  In 
any  case  the  measured  size  of  the  disk  depends  directly  on 
the  magnifying  power  employed. 

In  1880  I  made  a  series  of  measures  of  the  polar  and  equa- 
torial diameter  of  the  planet  with  powers  of  390  and  638,  and 
in  1897  a  series  of  measurements  with  powers  of  390  and  925. 
In  all  cases,  whatever  the  condition  of  the  seeing,  the  lower 
power  gave  the  larger  diameter.  From  the  measures  made 
on  six  nights  in  1897  when  the  seeing  was  good  enough  to 
be  able  to  use  a  power  of  925,  the  difference  for  the  two 
powers  employed  was:  polar,  -|-  0.27";  equatorial,  -(-  0.31". 
In  1880  for  ordinary  seeing  the  difference  for  the  two  powers 
employed  amounted  to  i".  In  order,  therefore,  to  have  some 
standard  of  size  it  would  be  necessary  to  decide  upon  the 
magnifying  power  employed  with  which  the  measures  were 
made.  Because  of  this  apparent  change  in  the  size  of  the 
disk  due  to  definition,  to  locate  with  precision  any  object  on 
the  surface  of  the  disk,  or  a  satellite  off  the  disk,  it  is  neces- 
sary to  refer  the  object  to  both  limbs  of  the  planet  at  the 
time  of  observation.     If  the  obiect  is  referred  to  onlv  one 
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limb,  under  unfavorable  atmospheric  conditions  an  error  of 
1"  of  arc  would  be  easily  possible,  but  if  it  is  referred  to  both 
limbs,  then  the  effect  of  the  irradiation,  or  enlargement  of 
the  disk,  is  almost  wholly  eliminated.  In  the  reduction  of 
my  micrometrical  work  on  Jupiter  I  have  used  the  values 
18.33"  3-^d  19.48"  for  the  semi-axes  of  the  planet  at  mean 
distance. 

These  values  for  the  size  of  the  disk  were  found  from  a 
great  many  diflferential  measures  made  in  i88o-'i  with  a  power 
of  390,  and  are  somewhat  larger  than  those  given  by  the  heli- 
ometer,  owing  to  irradiation,  but  they  will  probably  better 
satisfy  micrometer  work. 

The  observations  for  longitude,  latitude  and  magnitude 
of  objects  on  the  planet  Jupiter  have  all  been  made  with  the 
parallel-wire  micrometer,  preferably  near  the  central  meri- 
dian, but  no  rigid  rule  is  followed  in  this  respect.  The  longi- 
tude and  latitude  are  usually  determined  whenever  the  spot 
or  marking  is  wholly  on  the  disk  and  distinctly  visible. 

The  longitudes  are  measured  by  ascertaining  the  distance 
of  the  apparent  center  of  the  object  from  the  limb  of  the 
planet,  according  to  the  method  I  pointed  out  some  years 
ago.  A  determination  of  longitude  or  latitude  generally 
consists  of  three  bisections  of  the  object  and  each  limb  of 
the  planet.  In  the  case  of  longitude,  one-half  of  the  difference 
of  the  distances  at  the  mean  of  the  times  is  the  distance  of 
the  apparent  center  of  the  object  from  the  central  meridian  on 
the  visible  disk.  This  method  of  determining  longitudes  has 
been  found  to  be  greatly  superior,  in  point  of  accuracy,  to 
the  method  of  transits,  as  well  as  a  great  saving  of  time. 

The  error  in  measurement  of  objects  on  a  luminous  disk 
is  about  twice  as  great  as  that  from  the  measurement  of 
double  stars  of  equal  distance.  The  ordinary  error  for 
location  of  objects  in  latitude  or  longitude  on  the  disk  of 
Jupiter  may  be  placed  at  about  0.25"  arc. 

Twenty-five  years  ago  it  was  almost  the  general  opinion 
among  astronomers  that  the  phenomena  seen  on  the  planet 
Jupiter  were  transitory  in  their  nature;  that  there  was  no 
permanency  in  the  spots  and  markings,  but  that  the  aspect 
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of  the  planet  changed  from  day  to  day,  and  even  at  less 
intervals  of  time.  Perhaps  we  shall  get  a  better  idea  of 
what  was  known  about  the  subject  by  quoting  from  Grant's 
"History  of  Physical  Astronom}''" : 

"Although  generally  there  appear  only  three  belts  upon 
the  disk  of  the  planet,  sometimes  a  greater  variety  is  per- 
ceptible. Sometimes  only  one  belt  is  visible.  This  is  always 
the  principal  belt  situated  on  the  northern  side  of  the  planet's 
equator.  On  the  other  hand,  its  whole  surface  has  occa- 
sionally been  seen  covered  with  belts.  On  the  i8th  of  Jan- 
uary, 1790,  Sir  William  Herschel,  having  observed  the  planet 
with  his  forty-foot  reflector,  perceived  two  very  dark  belts 
dividing  an  equatorial  zone  of  a  yellowish  color,  and  on  each 
side  of  them  were  dark  and  bright  bands  alternating  and 
continuous  almost  to  the  poles.  A  similar  appearance  was 
once  noticed  by  Messier.  These  phenomena  sometimes 
undergo  very  rapid  transformations,  affording  thereby  a 
strong  proof  that  they  owe  their  origin  to  the  fluctuating 
movements  of  an  elastic  fluid  enveloping  the  body  of  the 
planet.  On  the  13th  of  December,  1690,  Cassini  perceived 
five  belts  on  the  planet,  two  in  the  northern  hemisphere 
and  three  in  the  southern  hemisphere.  An  hour  afterwards 
there  appeared  only  two  belts  nearer  the  center  and  a  feeble 
trace  of  the  northern  belt.  The  same  astronomer  frequently 
witnessed  the  formation  of  new  belts  on  the  planet  in  the 
course  of  one  or  two  hours.  The  dark  spots  on  the  disk 
of  the  planet  also  afforded  unequivocal  indications  of  the 
existence  of  an  atmosphere,  for  it  is  impossible  to  reconcile 
their  variable  velocity  with  the  supposition  of  their  being 
permanent  spots  adhering  to  the  surface  of  the  planet.  Cas- 
sini found  from  his  observations  that  the  spots  near  the 
equator  of  the  planet  revolved  with  greater  velocity  than 
those  more  distant  from  it.  Sir  Wiliam  Herschel  found  that 
the  velocity  sometimes  underwent  a  sensible  change  in  the 
course  of  a  few  days.  He  supposed  the  spots  to  be  large 
congeries  of  cloud  suspended  in  the  atmosphere  of  the  planet, 
and  he  ascribes  their  movements  to  the  prevalence  of  winds 
on  its  surface  which  blow  periodically  in  the  same  direction." 
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Lardner,  in  his  "Astronomy,"  says:  "In  a  month  or  two 
the  whole  aspect  of  the  disk  may  be  changed." 

In  my  annual  report  to  the  Chicago  Astronomical  Society 
for  the  year  1881,  I  stated  that  the  phenomenon  seen  on  the 
surface  of  Jupiter  was  of  a  more  permanent  character  than 
had  hitherto  been  believed  to  be  the  case. 

In  1878  a  large  and  conspicuous  object  known  as  the 
Great  Red  Spot  was  seen  on  the  disk  of  Jupiter.  It  appears 
that  this  object  was  first  noted  on  June  2,  by  Lohse,  of 
Potsdam,  but  in  looking  up  previous  records  we  find  a  spot 
seen  in  the  same  locality  by  the  ancient  astronomers.  In  the 
years  i664-'6,  a  great  red  spot  was  observed  by  Hook  and 
Cassini.  It  was  situated  one-third  of  the  semi-diameter  of 
the  planet  south  of  the  equator  in  latitude  6".  Its  diameter 
was  about  one-tenth  the  diameter  of  Jupiter,  or  about  8,000 
miles.  This  spot  appeared  and  vanished  eight  times  be- 
tween the  years  1665  and  1708.  From  1708  to  17 13  it  was 
invisible;  the  longest  time  of  its  continuing  to  be  visible 
was  three  years,  and  the  longest  period  of  its  disappearing 
was  five  years.  Since  its  appearance  in  1878  it  has  been 
visible  with  large  telescopes  during  the  whole  period,  but  at 
times  so  faint  that,  except  for  the  indentition  in  the  equatorial 
belt,  the  spot,  perhaps,  would  have  been  lost  to  astronomers, 
as  it  was  formerly  when  they  had  smaller  instruments. 

The  great  red  spot  is  11.61"  or  37.2  degrees  in  length,  and 
3.87"  in  breadth,  or  about  27,000  miles  long,  9,000  miles 
broad,  elliptical  in  outline,  and,  if  we  suppose  the  depth 
of  the  spot  equal  to  its  width,  its  volume  would  be  about 
three  times  that  of  the  earth.  This  object,  which  seems  to 
have  great  permanency,  is  not  stationary  in  either  longitude 
or  latitude. 

It  was  visible  in  1869  and  1870,  when  it  was  observed  by 
Gledhill  on  four  nights  from  November  14  to  January  25,  and 
on  one  night  by  Mayer.  The  data  for  ascertaining  the  rota- 
tion period  have  been  derived  from  the  drawings  made, 
and  necessarily  are  approximate. 

The  rotation  period  was  9''  55'"  25.8',  or  about  eight 
seconds  less  than  it  was  in  1879.      From  the  observations  made 
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in  1878  I  derived  a  rotation  period  of  9"  55""  33.7'.  Since 
the  rotation  period  had  been  increasing  for  twenty  years, 
the  observations  in  1869  are  of  value  in  tracing  the  motions 
of  this  object. 

I  may  add  that  Mr.  W.  F.  Denning,  who  has  compiled  the 
observations  of  what  is  presumed  to  be  the  red  spots  from 
183T  to  1899,  finds  a  rotation  period  of  9"  55™  34'  between 
1869  and  1878,  by  assuming  the  number  of  rotations  be- 
tween consecutive  observations.  But  where  the  interval  is 
five  years  and  upwards  this  is  a  very  unsafe  method  of  proce- 
dure, as  will  be  perceived  from  the  motions  which  have 
been  studied  during  the  last  twenty-three  years. 

From  the  measures  which  I  have  made  every  year  I  have  de- 
termined the  rotation  period  for  the  red  spot  from  1879  up  to 
the  present  time,  and  with  the  minimum  value  in  1879  of 
9"  55"  34°-  The  diagram  shows  the  rotation  period  at  any 
point  between  1879  and  the  present  time.  The  vertical 
lines  are  intervals  of  400  days,  one  day  more  than  the  synodic 
period  of  the  planet.  The  horizontal  lines  represent  seconds 
or  arc,  so  that  the  rotation  period  at  any  point  will  be  shown 
on  the  curve,  the  seconds  being  at  the  left  hand  of  the  dia- 
gram, and  the  time  at  the  bottom  of  the  diagram.  The  rota- 
tions for  this  curve  were  computed  for  intervals  of  400  days 
bv  using  at  each  epoch  about  twelve  normal  places,  and  the 
probable  error  on  the  rotation  period,  as  determined  in  this 
way,  varies  between  ±:  0.02  sec.  and  ±  0.07  sec.  The  curve 
is  perfectly  smooth  for  the  first  six  years,  showing  that  the 
motion  of  the  spot  was  very  regular.  Since  that  period  the 
curve  is  not  absolutely  smooth,  which  may  be  due  to  the 
faintness  of  the  object,  and  the  shifting  of  the  center  from 
which  the  measurements  were  made,  when  the  measures  were 
referred  to  the  bay  in  the  equatorial  belt.  My  measures, 
when  the  spot  was  very  indistinct,  have  been  referred  to  the 
center  of  the  bay,  and  that  may  account  for  the  small  irregu- 
larities in  the  curve  during  the  later  years.  From  the  dia- 
gram it  is  seen  that  the  rotation  period  of  the  planet  reached 
its  maximum  between  1898  and  1899,  being  41.7  seconds. 
Previous  to  1898  the  spot  had  an  apparent  retrograde  motion 
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on  the  disk  of  the  planet,  and  since  that  time  the  spot  ap- 
parently has  come  to  rest,  and  now  has  a  direct  drift  around 
the  planet.  The  rotation  period  for  the  last  400-dav  interval 
is  39.75  seconds,  but  the  actual  period  at  the  present  time  is 
about  three  seconds  less  than  it  was  in  1898.  From  the  in- 
spection of  this  curve,  taken  in  connection  with  the  rotation 
period  which  I  found  for  1870,  it  would  seem  to  require  a 
long  cycle  to  make  the  rotation  period  the  same  as  it  was  in 
1879.  The  dotted  curve  indicates  the  "mean"  rotation  period 
at  any  instant,  counting  from  September  25,  1879.  The 
"mean"  period  for  the  interval  1879  to  1902   is   9*"  55™  39.93^ 

In  1880,  when  the  red  spot  was  most  conspicuous,  it  was 
seen,  when  brought  on  the  disk  by  rotation,  at  87  degrees 
of  longitude,  or  2"  35™  in  time  from  the  central  meridian, 
when  its  length  was  only  second  of  arc.  When  the  spot  is 
wholly  on  the  disk  its  longitude  is  71.4  degrees  and  the  ap- 
parent length  3.7".  It  is  possible  that  the  rotation  period 
may  be  connected  with  its  visibility,  viz.,  when  the  spot 
comes  back  to  the  same  rotation  period  it  had  in  1879  it 
may  become  more  conspicuous  and  reddish  in  color.  This 
object  has  drifted  in  longitude  about  three  and  one-fourth 
times  around  the  planet  since  1879,  assuming  the  rotation 
period  at  that  time  to  be  the  true  rotation  period  of  the 
planet.  It  seems  to  me,  however,  more  probable  that  the 
time  of  rotation  of  the  planet  is  longer  than  any  period  hith- 
erto determined,  in  which  case  all  objects  would  drift  in  the 
same  direction.  The  object  also  has  a  motion  in  latitude, 
and  the  total  displacement  in  twenty-three  years  has  been 
1.7",  or  about  4,000  miles  drift  in  latitude.  The  rate  of  drift 
in  longitude  and  the  visibility  may  possibly  be  due  to  the 
greater  or  less  submergence  of  the  spot  in  the  material  which 
composes  the  surface  of  the  planet. 

The  diagram  shows  the  mean  latitude  of  the  red  spot  at 
each  opposition  corrected  for  the  elevation  of  the  earth 
above  Jupiter's  equator.  It  seems  that  during  these 
twenty-three  years  the  spot  lias  approached  nearly  i"  nearer 
the  e(|uator  than  it  was  in  1879.  The  short  time  scale,  the 
vertical    lines   being   intervals   of   400   days,    makes   the   dis- 
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placement  appear  more  abrupt  than  it  really  is.  The  Jovi- 
centric  latitude  is  given  on  the  right  hand  of  the  diagram. 
At  the  present  time  this  is  about  eighteen  degrees.  We 
might  add  that  this  displacement  in  latitude  of  the  red  spot 
is  very  much  less  than  the  displacement  of  the  great  equa- 
torial belt. 

The  most  conspicuous  marking  on  the  surface  of  the  planet 
is  the  great  equatorial  belt,  which  is  always  visible.  This 
belt  may  appear  as  one  belt,  but  usually  is  composed  of  two 
portions  lying  on  either  side  of  the  equator  of  the  planet. 
In  1880  it  was  practically  one  belt  extending  without  break 
for  a  short  time  across  the  surface  of  the  equator.  From  the 
study  of  the  changes  in  this  belt  one  may  arrive  at  some  idea 
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regarding  motions  taking  place  on  the  surface  of  the  planet. 
The  systematic  determination  of  motion  in  latitude  has  never 
been  undertaken  by  any  one  previous  to  the  observations 
which  I  began  in  1879.  Occasionally  latitudes  have  been 
measured  during  one  opposition.  Arago,  in  "Astronome 
Populaire,"  raised  the  question  whether  the  belts  on  Jupiter 
are  fixed  in  size  and  position,  and  he  gives  some  measures 
of  the  positions  from  181 1  to  1837,  and  takes  the  mean  of 
these  various  measures  for  getting  the  mean  position  of  the 
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V^elts  on  the  planet.  These  observations  are  approximate, 
and  are  used  without  regard  to  the  position  of  the  earth  above 
and  below  Jupiter's  equator.  From  1879  to  the  present  time 
the  latitude  and  width  of  the  great  equatorial  belt  have  been 
measured  on  nearly  every  observing  night,  so  that  we  may 
ascertain  the  position  of  the  edge  of  the  belt  at  any  instant. 
It  is  found  that  the  north  edge  of  the  belt  has  had  a  drift  in 
latitude  of  nearly  4"  of  arc  or  1 2  degrees,  and  the  south 
edge  about  the  same  amount.  The  changes  in  the  drift  of  the 
belt  are  usually  slow  and  gradual,  but  it  is  possible  some- 
times that  considerable  change  may  be  observed  in  the 
course  of  a  few  days.  The  diagram  indicates  the  position 
of  the  edge  of  the  belt  from  1879  to  1902,  and  it  is  of  very 
great  interest  in  showing  at  a  glance  the  changes  that  have 
taken  place  in  latitude.  From  the  study  of  this  diagram  it 
appears  that  the  disturbances  take  place  on  both  edges  of  the 
belt  at  practically  the  same  time.  The  matter  composing 
the  belts  generally  has  a  motion  on  both  sides  of  the  equator 
in  opposite  directions. 

In  1879  the  whole  width  of  the  belt  was  about  7"  of  arc. 
In  1882  it  widened  out  and  has  at  times  reached  a  width  of 
about  13"  of  arc.  The  edges  of  the  belt  remain  practically 
parallel  to  the  equator  in  all  longitudes.  I  have  noticed  two 
marked  exceptions.  On  October  3,  1882,  there  was  a  curved 
projection  in  longitude  plus  30  minutes,  following  the 
great  red  spot.  On  October  14  the  edge  was  smooth  at 
the  same  longitude  and  the  whole  belt  had  drifted  so  far  north 
as  to  coalesce  with  B^^.  Also  on  February  24,  1897,  in  longi- 
tude plus  five  hours,  the  preceding  half  of  the  north  edge 
of  the  belt  drifted  about  two  seconds  farther  north  than  the 
following  portion.  On  Februar}^  27,  however,  the  edge  of  the 
belt  was  comparatively  smooth  in  the  same  longitude. 

Aside  from  the  drift  of  the  edges  of  the  belt  in  latitude,  the 
belt  itself  changes  dimensions  from  time  to  time  to  a  consid- 
erable extent,  and  these  changes  have  been  studied  from 
micrometrical  measurements  since  1895.  ^^^^  diagram  shows 
the  width  of  the  two  portions  of  the  equatorial  belt  at  any 
instant  from  1895  to  1902.     The  diagram  indicates  the  width 
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and  not  the  shape  of  the  belt  at  any  time.  Now  it  is  seen, 
taking  the  portion  of  the  belt  north  of  the  equator,  at  times 
it  becomes  very  narrow;  for  instance,  in  1896  it  was  about 
i"  arc  in  width,  1897  it  was  about  5"  in  width,  and  then 
it  became  narrower  again  in  1898,  and  continued  wide  from 
that  time  until  1901,  when  it  was  less  than  1"  arc  in  width 
and  appeared  as  a  faint  line  on  the  planet.  The  south  por- 
tion of  the  belt  has  not  passed  through  so  great  change  during 
the  five  years,  and  has  been  more  steady  in  latitude  and  width. 
On  either  side  of  the  equator  are  fainter  belts  which  usuall}' 
extend  to  40  degrees  of  latitude  as  separate  belts.  These  faint 
belts  are  subject  to  change,  in  both  size  and  position,  from  vear 
to  year. 

On  the  belts  and  on  the  surface  of  the  planet  there  are  fre- 
quently seen  small  spots,  sometimes  white  and  sometimes  black, 
viz.,  2,000  miles  or  more  in  diameter,  and  from  the  observa- 
tions of.  these  spots  we  have  determined  the  rotation  period 
of  the  planet  for  dififerent  parts  of  the  surface.  The  spots, 
which  appear  near  the  north  margin  of  the  equatorial  belt 
nearly  every  opposition  are  sometimes  permanent  for  two 
or  three  years,  and  have  a  slight  motion  in  latitude,  only  a 
fraction  of  1"  of  arc,  whereas  the  belt  may  move  3"  or  more 
in  latitude  in  one  year.  It  seems  to  me  that  this  fact  has  an 
important  bearing  as  to  location  of  the  oljjects,  viz.,  the  belt 
and  the  spots.  I  infer  from  the  slight  displacement  of  the 
spots  that  they  lie  at  a  lower  level  in  the  Jovian  surface  than 
the  equatorial  belt,  and  for  the  same  reason  the  great  red  spot 
lies  at  a  lower  level. 

The  transits  of  the  satellites  of  Jupiter  offer  phenomena 
which  have  a  direct  bearing  on  the  constitution  of  the  planet. 
The  satellites  at  times  cross  all  parts  of  the  disk  in  transit. 
F'or  a  normal  transit  the  satellite  disappears  at  some  distance 
from  the  disk  after  ingress  and  reappears  at  a  similar  dis- 
tance before  egress.  From  this  fact  it  is  concluded  that  the 
center  of  the  disk  of  Jupiter  has  the  same  reflecting  power 
as  the  satellites.  With  the  18^"  refractor  I  have  ascertained 
that  a  satellite  can  be  followed  for  a  distance  of  10"  of  arc 
from  the  limb  or  nearly  one-quarter  the  diameter  of  the  disk 
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before  it  disappears  in  transit.  However,  when  the  transit 
occurs  within  lo"  of  the  north  or  south  limbs,  the  satellite 
can  be  seen  during  the  entire  transit  across  the  disk.  Now 
since  the  satellite  is  not  supposed  to  be  hot  enough  to  give 
light,  we  conclude  there  is  not  sufficient  heat  in  the  planet 
to  produce  light.  The  observation  of  the  eclipse  of  the  satel- 
lite also  shows  that  it  has  no  inherent  light  of  its  own. 

Aside  from  the  period  of  g^  55'"  some  spots  and  markings 
give  a  shorter  period  of  9*"  50'",  indicating  that  these  objects 
have  a  motion  of  about  250  miles  an  hour  in  the  direction  of 
the  planet's  rotation,  assuming  that  the  true  rotation  period 
is  9^  SS™.  For  mechanical  reasons  the  spots  which  give  this 
shorter  period  must  necessarily  be  located  above  the  spots 
which  give  the  longer  period  of  g^  55".  From  1879  to  1885 
two  white  spots  in  latitude  6  degrees  south  were  observed 
every  year,  giving  a  rotation  period  of  9''  30"  plus.  The 
white  spots,  during  the  last  twenty  years,  which  give  the 
short  period,  have  been  observed  between  the  latitudes  plus 
II  and  minus  8,  and  also  in  one  year,  in  1 891,  black  spots 
which  gave  a  short  period  were  observed  in  latitude  20  de- 
grees north.  The  spots  and  markings  which  give  the  long 
period  of  9"  55"'  have  been  observed  in  latitudes  between  37 
degrees  north  and  38  degrees  south  and  within  12  degree?  of 
the  equator. 

The  equatorial  belt  sometimes  approaches  the  equator  verv 
closely,  and  its  rotation  for  some  years  has  been  the  same 
as  that  of  the  great  red  spot,  for  the  spot  and  the  belt  have, 
as  we  know,  maintained  the  same  position  toward  each 
other.  Hence  we  find  the  longer  rotation  period  of  9''  55™  in 
precisely  the  same  latitude  as  the  shorter  period.  On  ex- 
amining the  table  of  rotations  there  does  not  seem  to  be  any 
connection  between  latitude  and  rotation  period,  as  has  often 
been  alleged.  The  longest  period  which  I  observed,  covering 
an  interval  of  156  days,  is  9"  56"  0.4',  which  was  in  latitude 
26  degrees  north. 

Mr.  A.  S.  Williams  has  written  some  articles  on  the  rota- 
tion of  the  surface  of  Jupiter  in  which  he  finds  zones  of  constant 
currents.    These  speculations  are  not  sound,  for  the  reason  that 
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in  the  same  latitude  we  find  different  rotation  periods  for 
the  same  instant  of  time,  and,  as  I  have  said  before  there  is 
no  law  connecting  rotation  period  with  the  latitude,  except  we 
find  this  period  of  9*"  50"'  more  commonly  between  the  limits 
of  — 8  and  -1-  n  degrees,  whereas  the  longer  period  is  dis- 
tributed indiscriminately  over  the  surface  of  the  whole 
planet  as  far  as  38  degrees  latitude. 

The  question  has  sometimes  been  raised  as  to  whether  the 
phenomena  on  Jupiter  were  periodic.  The  inclination  of 
Jupiter's  equator  to  its  orbit  being  only  three  degrees,  any 
periodicity  due  to  the  revolution  of  Jupiter  around  the  sun 
should  recur  at  intervals  of  about  twelve  years,  but  from  the 
motions  which  I  have  shown  for  the  displacement  of  the 
belts,  in  latitude  there  does  not  seem  to  be  any  regularity  in 
the  period.  I  presume  any  periodicity  is  of  the  same  nature 
as  we  have  in  the  meteorology  of  the  earth.  We  have,  of 
course,  a  sequence  in  the  seasons  and  a  sequence  in  weather 
conditions,  but  our  sequence  in  weather  conditions  does 
not  follow  any  regularity,  and  if  changes  on  Jupiter  are  due 
to  meteorological  causes,  we  should  not  expect  to  find  any 
definite  period. 

The  application  of  photography  to  astronomical  observa- 
tions has  been  of  great  value  in  various  directions,  but  up  to 
the  present  time  it  has  been  of  no  benefit  in  the  study  of 
planetary  details.  Photographs  of  the  planet  Jupiter  have 
been  made  since  1880  at  dift'erent  times,  but  they  only  show 
the  simple  outline  and  some  of  the  conspicuous  markings. 
The  scale  of  photograph  is  so  small  that  it  cannot  be  used 
with  any  degree  of  success  for  determining  position  on  the 
disk.  There  is  no  question,  however,  that  if  we  are  ever 
able,  by  increasing  the  sensitiveness  of  our  plate,  to  make  an 
enlarged  photograph  of  Jupiter  or  Mars,  such  as  is  seen 
through  the  telescope  with  the  eye,  it  would  be  a  great  ad- 
vance, and  it  would  enable  us  to  decide  very  many  questions 
which  are  now  impossible  owing  to  the  limited  time  that  we 
are  able  to  study  the  object  under  consideration,  due  to  the 
rapid  motion  of  the  planet  on  its  axis.  The  phenomena 
seen  on  the  planet  depend  in  a  great  measure  on  the  size 
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of  the  telescope  and  tlie  magnifying  power  employed.  In 
my  work  on  Jupiter  I  have  habitually  used  a  power  of  390, 
which  is  adapted  to  most  conditions  for  seeing  and  will 
show  minute  detail.  With  the  same  telescope,  using  a 
power  of  190,  the  appearance  of  the  disk  is  quite  different, 
and  minute  detail  cannot  be  seen  with  distinctness.  The 
observers  who  have  small  telescopes  of  five  or  six  inches  in 
aperture  and  use  a  comparatively  low  power  do  not  see 
the  phenomena  as  they  would  be  shown  by  larger  telescopes 
and  high  power.  Hence  in  any  question  of  disagreement 
observation  with  the  small  telescope  should  have  very  little 
weight.  The  principle  is  precisely  the  same  as  in  the  ob- 
servation of  double  stars.  While  a  pair  of  close  or  unequal 
double  stars  may  be  easy  objects  for  18^"  object  glass,  they 
are  entirely  beyond  the  range  of  a  6"  object  glass. 

A  misinterpretation  of  phenomena  has  given  rise  to  very 
erroneous  notions  regarding  the  changes  which  take  place  on 
the  surface  of  the  planet.  When  we  look  at  the  planetjupiter, 
we  see  only  about  one-fifth  of  the  surface  in  longitude  dis- 
tinctly at  any  one  time,  and  hence  in  the  course  of  two  hours 
we  should  have  an  entirely  new  set  of  features  under  view 
of  the  eye  of  the  observer.  The  faint  belts  north  and  south 
of  the  ecpator  sometimes  only  extend  over  a  portion  of  the 
circumference  of  the  planet,  and  in  such  case  one  might  see 
a  greater  or  less  number  of  belts  after  the  interval  of  two 
hours  or  more,  as  has  been  stated  by  Cassini  and  others. 

My  observations  during  the  past  twenty-three  years  have 
established  the  following  facts: 

1.  The  equatorial  belt  changes  in  both  size  and  position  to 
a  considerable  extent,  but  these  changes  are  usually  slow  and 
gradual.  Occasionally,  however,  a  marked  change  may  be 
observed  in  the  features  of  the  belt  in  the  course  of  a  number 
of  days. 

2.  The  fainter  belts  also  are  displaced  in  latitude  and  in 
the  amount  of  material  of  which  they  are  composed.  The 
visibility  of  the  fainter  markings  and  spots  depends  in  a 
considerable  measure  on  the  distance  of  the  planet  from  the 
earth.     W^hen  the  planet  is  at  more  than  mean  distance,  the 
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so-called  polar  belts  are  very  faint  and  sometimes  invisible, 
even  with  a  large  telescope,  and  are  not  brought  into  view 
until  the  planet  approaches  toward  opposition.  This  fact 
I  noticed  particularly  in  the  early  years  of  my  observation 
on  Jupiter,  when  the  observations  were  made  as  near  the 
sun   as  possible. 

3.  The  egg-shaped  white  spots,  which  appear  in  this  form 
from  perspective,  as  they  are  probably  nearly  circular,  are 
found  both  north  and  south  of  the  equator  and  are  very 
permanent  in  latitude.  They  are  usually  from  one  to  two 
seconds  of  arc  in  diameter.  These  spots  are  not  fixed  with 
regard  to  each  other,  even  when  they  are  located  in  the  same 
latitude. 

4.  Aside  from  the  white  spots,  there  are  dark  spots  of  similar 
size,  sometimes  on  the  faint  belts  and  sometimes  entirely 
disconnected  from  the  belt.  The  dark  matter  is  not  as 
stable  as  the  egg-shaped  white  spots,  and  probably  lies  at 
the  same  level  as  the  equatorial  belt. 

5.  Near  the  equator  are  found  white  spots,  usually  of 
a  larger  size  and  more  irregular  in  shape,  which  give  rise  to 
the  period  of  g"  50". 

The  mean  density  of  the  planet  Jupiter  is  1.37  times  that 
of  water.  The  spheroidal  figure  of  the  planet  indicates  that 
the  density  increases  as  we  proceed  from  the  surface  to  the 
center.  In  the  case  of  the  earth  the  density  at  the  surface 
is  about  one-third  the  mean  density,  and  assuming  the  same 
rule  for  Jupiter,  its  surface  density  would  be  0.4  to  0.5  that 
of  water.  The  liquefaction  of  air  and  gases  during  recent 
years  enables  us  to  imagine  a  medium  which  would  have  the 
density  corresponding  to  that  of  the  surface  of  the  planet. 
The  older  astronomers,  of  course,  had  no  knowledge  of  any 
substance  between  atmosphere  and  liquid,  and  hence,  in 
forming  their  theories  of  the  motions  on  the  surface  of  tlie 
planet,  the  theory  was  necessarily  atmospheric,  but  there  is 
now  no  excuse  for  maintaining  an  atmospheric  theory  which 
will  not  account  for  the  phenomena  observed. 

A  probable  theory  of  the  constitution  of  the  planet  should 
in   some    degree   satisfy    all    the    phenomena   observed.     No 
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one  can  draw  legitimate  conclusions  from  casual  observations. 
On  the  surface  of  Jtipiter  we  find  the  following  objects:  (i) 
The  great  red  spot,  which  is  the  most  stable  of  all  objects 
seen  on  the  disk  of  the  planet.  During  the  period  that  its 
size  has  been  measured  with  the  micrometer  one  cannot  say 
with  certainty  that  there  has  been  any  change  in  its  size  or 
shape  from  1879  to  1902.  It  is  now  conceded  by  astrono- 
mers that  the  object  is  identical  with  the  spot  observed  by 
earlv  astronomers.  Such  being  the  case,  it  would  seem  to 
be  absurd  to  say  that  anything  in  the  nature  of  a  cloud 
should  persist  in  the  same  form  for  more  than  200  years. 
Its  spheroidal  shape  in  connection  with  its  stability  would 
seem  to  show  that  it  has  volume  and  mass.  Its  motion  in 
latitude,  as  we  have  already  seen,  is  much  less  than  for  the 
equatorial  belt.  The  matter  of  which  it  is  composed  is  in 
a  different  condition  to  that  of  the  belt.  In  1880  I  had 
the  good  fortune  to  notice  the  transit  of  a  satellite  over  the 
red  spot.  The  satellite,  which  was  invisible  during  transit, 
when  projected  on  the  spot  appeared  as  bright  as  when  off 
the  disk.  On  the  contrary,  when  satellites  transit  the  belt 
thev  are  invisible.  (2)  Egg-shaped  white  spots  from  2,000 
to  5,000  miles  in  diameter.  These  spots  I  have  found  in  north 
latitude  13  to  37  degrees  and  in  south  latitude  from  18  to  27 
degrees.  These  objects  do  not  look  like  clouds,  and  so  far  as 
we  know  they  do  not  change  their  shape  during  the  six 
months  while  under  observation.  They  are  also  very  stable 
in  latitude  and  give  a  rotation  period  of  g^  55""  +.  (3)  Small 
black  spots  seen  on  the  belts  or  entirely  separate.  These 
objects  give  a  rotation  period  of  9^  55™  +,  but  on  one  occa- 
sion in  latitude  20  degrees  north  I  found  a  short  period.  (4) 
The  dark  matter  forming  the  system  of  belts  including  the 
equatorial  belt  and  the  so-called  polar  belts,  which  also  give 
a  rotation  period  of  g^  55"".  (5)  The  white  spots  which  give 
a  rotation  period  of  9''  50™. 

It  seems  to  be  the  opinion  of  most  writers  on  Jovian  phe- 
nomena that  the  planet  is  yet  at  a  high  temperature,  but  not 
self-luminous.  The  high  temperature  is  favorable  for  the 
explanation  of  some  of  the  phenomena  observed.     I   have 
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long  held  the  opinion  that  a  simple  atmospheric  theory  was 
not  sufficient.  The  greater  luminosity  of  the  centre  of  the 
disk  indicates  absorption  of  light,  probably  due  to  an  ex- 
tensive atmosphere.  The  white  spots  which  give  a  rotation 
period  of  g''  50""  are  of  different  form  and  size  fro:n  the  egg- 
shaped  spots  which  give  the  period  of  9''  55'"+.  The  short 
period  spots  are  greater  in  size  and  irregular  in  shape,  some- 
times appearing  simply  as  a  rift  in  the  equatorial  belt.  Hav- 
ing these  facts  before  us,  we  can  formulate  a  theory  which 
will  fairly  well  satisfy  all  classes  of  phenomena. 

I  assume  that  the  visible  boundary  of  Jupiter  has  a  density 
of  about  one-half  that  of  water.  This  medium  is  in  the 
nature  of  a  liquid;  in  it  are  located  the  great  red  spot  and 
the  egg-shaped  white  spots.  In  such  a  medium  all  motions 
in  longitude  and  latitude  would  be  slow  and  gradual,  and 
the  shape  and  size  of  the  object  would  have  great  perma- 
nency. The  equatorial  belt  and  the  so-called  polar  belts 
may  be  located  on  the  surface  or  at  a  higher  level  than  the 
red  spot.  In  the  middle  latitude  within  twenty  degrees  of 
the  equator  the  higher  atmosphere  carries  a  layer  of  dark 
matter  in  the  direction  of  the  rotation  of  the  planet  at  a 
velocity  of  about  250  miles  per  hour,  making  a  complete 
circuit  around  the  planet  in  44  days.  In  this  envelope  are 
formed  the  openings  which  we  call  white  spots  and,  by  un- 
equal distribution,  black  spots.  The  great  bay  in  the  south 
edge  of  the  equatorial  belt  may  be  accounted  for  bv  assum- 
ing that  the  great  red  spot  is  at  a  lower  temperature  than 
the  medium  in  which  it  floats,  and  by  its  lower  temperature, 
condensing  a  portion  of  the  vapor  composing  the  belt.  In 
1882,  when  the  edge  of  the  belt  drifted  south,  it  did  not  come 
in  contact  with  the  spot  at  any  point,  although  it  advanced 
at  times  beyond  the  center.  In  1883  I  stated  that  the  spot 
seemed  to  have  a  repelling  influence  on  the  belt.  During  the 
past  twenty  years,  when  the  belt  and  the  spot  were  in  prox- 
imity a  depression  was  formed  in  the  belt  directly  opposite, 
which  was  of  the  same  form  as  the  contour  of  the  spot.  The 
belts  may  be  assumed  to  be  some  sort  of  vapor  of  considerable 
density.     The    cloudlike    matter,    which    in    the    equatorial 
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regions  is  moving  over  the  surface  at  the  rate  of  250  miles 
per  hour,  would  account  for  the  minor  changes  on  the  surface 
of  the  equatorial  belt.  I  think  the  theory  I  have  given  offers 
a  more  plausible  explanation  of  the  various  phenomena  ob- 
served than  the  off-hand  statement  that  we  see  simply  clouds 
floating  in  the  atmosphere  of  the  planet. 
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POPULAR  SCIENCE. 


Ladies  and  Gentlemen:  Five  years  ago  I  prepared  a 
sketch  of  an  address  which  I  expected  to  deliver  as  retiring 
president  of  the  Iowa  Academy  of  Science.  I  was  not  able 
to  deliver  the  address,  however,  on  account  of  enforced 
absence  from  the  Des  Moines  meeting  of  the  Academy  at 
Christmas  time,  1897.  It  was  my  intention  in  that  address  to 
speak  in  terms  of  commendation  of  some  of  the  ideas  advanced 
by  Professor  Woodrow  Wilson  in  his  then  recent  address  given 
on  the  occasion  of  the  Sescjui-centennial  celebration  of  Prince- 
ton University.  Professor  Wilson's  recent  promotion  to  the 
presidency  of  Princeton  University  has  called  his  Sesqui- 
centennial  address  again  to  our  minds,  and  it  seems  to  me 
that  I  may  very  properly  say  now  what  I  had  intended  to 
say  in  1897,  especially  inasmuch  as  no  one,  speaking  for 
science,  has  expressed  any  degree  of  sympathy  with  Presi- 
dent Wilson's  point  of  view.  I  hope  to  make  my  meaning 
so  clear  and  definite  as  to  render  it  unnecessarv  for  me  to  limit 
or  qualify  my  general  expression  of  sympathy  with  Professor 
Wilson;  although  the  words  he  has  used  in  his  Sesqui-centen- 
nial  address  are  certainly  open  to  an  interpretation  which  no 
seriously  minded  man  of  science  could  possibly  accept. 

In  order  that  wc  may  enter  upon  this  subject  with  some  de- 
gree of  mutual  understanding  I  think  it  is  necessary  to  quote 
President  Wilson  at  some  length.  He  says,  "I  am  much 
mistaken    if    the    scientific   spirit   of    the   age   is   not   doing 
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US  a  great  disservice,  working  in  us  a  certain  great  degen- 
eracy. Science  has  bred  in  us  a  spirit  of  experiment  and  a 
contempt  for  the  past,  *  *  *"  yet  "I  have  no  indict- 
ment against  what  science  has  done.  I  have  only  a  warning 
to  utter  against  the  atmosphere  which  has  stolen  from  our 
laboratories  into  lecture  rooms  and  into  the  general  air  of 
the  world  at  large.  *  *  *"  Science  "has  driven  myster}^ 
out  of  the  universe;  it  has  made  malleable  stuff  out  of  the 
hard  world  and  laid  it  out  in  its  elements  upon  the  table  of 
every  class  room.  Its  own  masters  have  known  its  limita- 
tions; they  have  stopped  short  at  the  confines  of  the  physi- 
cal universe;  they  have  declined  to  reckon  with  spirit  or 
with  the  stuffs  of  the  mind,  have  eschewed  sense  and  con- 
fined themselves  to  sensation.  But  their  work  has  been  so 
stupendous  that  all  other  men  of  all  other  studies  have  been 
set  staring  at  their  methods,  imitating  their  ways  of  thought, 
ogling  their  results.  Let  me  say  once  more,  this  is  not  the 
fault  of  the  scientist;  he  has  done  his  work  with  an  intelli- 
gence and  success  which  cannot  be  too  much  admired.  It 
is  the  work  of  the  noxious  and  intoxicating  gas,  which  has  some- 
how got  into  the  lungs  of  the  rest  of  us  from  out  of  the  crevices 
of  his  workshops — a  gas  it  would  seem,  which  forms  only  in 
the  outer  air,  and  where  men  do  not  know  the  right  use  of 
their  lungs.  *  *  *"  "We  have  not  given  science  too 
big  a  place  in  our  education,  but  we  have  made  a  perilous  mis- 
take in  giving  it  too  great  a  preponderance  in  method  over 
every  other  branch  of  study.  We  must  make  the  humani- 
ties human  again;  we  must  recall  what  manner  of  men  we 
are;  must  turn  back  once  more  to  the  region  of  practicable 
ideals.  *  *  *"  "I  should  fear  nothing,"  says  President 
Wilson,  "better  than  utter  destruction  from  a  revolution 
conceived  and  led  in  the  scientific  spirit." 

The  chief  obstacle  to  me  in  my  attempt  to  reach  a  satis- 
factory appreciation  of  President  Wilson's  point  of  view 
lies  in  his  apparently  loose  and  unguarded  use  of  the  term 
"•scientific  spirit."  If  he  means  by  it  that  humble  spirit  of 
inquiry  based  upon  systematic  methods  of  analysis  which 
are  really  applicable  to  the  nature  of  the  inquiry,  I  certainly 
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cannot  agree  witli  him  that  it  can  do  any  disservice  or  that  it 
would  be  anything  but  a  basis  of  hope  as  the  ruHng  element 
in  a  revolution.  I  do  not  believe  that  President  Wilson  enter- 
tains any  such  idea.  If  he  means,  however,  to  signify  by 
"scientific  spirit"  that  widespread  and  portentous  "neglect 
of  the  essential  cjualities  in  things,"  I  most  certainlv  ap- 
prove his  meaning  and  share  his  feelings  of  distress,  although 
I  disapprove  his  mode  of  expression. 

Scientific  men  are  of  course  not  entirely  free  from  this 
neglect  of  the  essential  qualities  in  things,  but  I  think  that 
the  chief  neglect  lies  in  the  general  popular  imagination,  and 
I  believe  that  the  growth  of  modern  science  and  the  resulting 
transformations  of  our  material  world,  have  brought  upon 
us  an  acute  and  distressing  manifestation  of  it.  Inasmuch 
as  I  intend  to  speak  to  you  mainly  of  the  nature  and  extent 
of  the  influence  of  scientific  work  on  the  popular  imagina- 
tion, I  may  claim  to  speak  on  popular  science. 

We  cannot  discuss  intelligently  any  subordinate  manifesta- 
tion of  science  until  we  come  to  some  mutual  understanding 
as  to  what  science  itself  is;  but  I  must  confess  that  I  do  not 
like  to  go  to  the  extent  of  defining  a  thing  which,  in  my 
own  mind  at  least,  is  so  severely  plain  and  humble.  I  do 
not  know  how  you  feel,  but  for  my  part  I  am  sick  of  this  dis- 
gusting din  which  has  been  increasing  for  a  hundred  years 
in  canting  praise  of  science,  a  din  which  I  can  most  easily 
specifv  to  your  perception  by  saying  that  my  reluctance 
to  define  science  is  chiefly  the  fear  that  a  pack  of  popular 
idiots  will  rise  up  with  indiscriminate  shouting  and  say — 
vou  know,  of  course,  that  I  have  endless  choice  of  ridiculous 
sayings  of  influential  men  in  needless  and  foolish  praise  of 
science  to  quote  from!  Science  does  not  need  praise,  nor 
does  work  need  praise;  they  both  need  plain  wages.  I  think 
it  is  time  to  urge  a  definition  of  science  which  will  help  to 
purge  the  popular  imagination  Science  is  the  spirit  of 
work.  I  do  not  mean  the  spirit  of  a  man  who  works,  but  I 
do  mean  simply  that  science  has  to  do  solely  with  the  in- 
creasing efficacy  of  the  sweaty  labor  of  this  world.  I  am  little 
disposed   to   argue   wliat   many   of  you   may   be   inclined   to 
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think  an  undue  narrowness  in  this  definition,  but  I  assure  you 
that  it  is  wide  enough  for  me.  "An  affected  thinker,"  says 
Ruskin,  "who  supposes  his  thinking  of  any  other  importance 
than  as  it  tends  to  work  is  about  the  vainest  kind  of  person 
that  can  be  found"  among  busy  men. 

My  own  knowledge  of  science  rests  partly  on  anticipation 
and  partly  on  a  college  and  university  experience  more  than 
usually  varied,  and  I  am  convinced  that  science  is  "primarily 
concerned  with  the  making  of  breeches,"  although,  of  course, 
you  know  and  I  know  many  things  not  now  applicable  to 
that  useful,  or  in  some  cases  it  may  be  useless,  business. 
Perhaps  one  who  is  chiefly  engaged  in  technical  education 
is  prone  to  accept  that  practical  view,  yet  one  should  not, 
I  think,  attempt  to  escape  the  evidence  of  one's  experience, 
the  less  so,  indeed,  the  more  intimately  his  experience  is 
related  to  practical  affairs,  and  in  any  case  one  should  only 
strive  against  exaggerated  inference  and  extravagant  con- 
clusion. 

I  trust  that  the  granting  of  my  contention  as  to  the  severe 
and  unpretentious  homeliness  of  science  may  not  divest  it  in 
your  minds  of  a  bloom  which  you  deem  essential  to  your 
interest  in  it;  but  however  that  may  be,  an  understanding 
of  what  I  have  to  say  demands  that  much  of  you. 

I  am  inclined  to  look  upon  science  as  a  servant,  and  I  have 
no  sympathy  for  that  state  of  mind  which  is  exemplified 
by  two  extreme  types;  the  man  of  alleged  general  culture 
who  has  so  far  forgotten  his  manhood  as  to  be  lost  in  vacant, 
staring  wonder  at  the  material  results  of  modern  science,  but 
who  remains  in  either  lazy  or  stupid  ignorance  of  the  under- 
lying method,  and  the  specialist  who  sighs  for  those  good  old 
days  when  one  man's  mind  might  compass  the  entire  range 
of  scientific  activity.  This  second  type  is  a  man  who  errs 
mainly  in  false  humility,  and  I  am  reminded  in  this  connection 
of  the  character  of  Wagner  in  Goethe's  Faust,  second  part, 
who  humiliates  himself  before  a  creature  of  his  own  devising, 
the  Homonculus.  I  take  it  to  be  self-evident  that  science 
can  never  transcend  the  intellectual  grasp  of  a  single  man. 
Of  course  we  must  remember  that  as  in  case  of  a  larsre  in- 
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dustrial  establishment  there  are  many  details  which  can- 
not be  carried  forward  by  the  superintendent  alone,  so  in 
science  there  are  many  special  details  which  cannot  be  car- 
ried forward  by  one  person,  but  if  we  consider  rightly,  I  think 
it  must  appear  that  these  details  are  essentially  not  intel- 
lectual. 

Concerning  those  whose  interest  in  science  is  based  upon 
its  results,  I  think  you  will  agree  with  me  that  no  intelligent 
interest  can  be  so  founded.  Everything  that  appears  in 
the  name  of  science  in  our  newspapers  and  magazines  relates 
only  to  results.  Have  any  of  you  seen  in  our  newspapers  or 
popular  magazines  any  detailed  description  of  the  principles 
and  methods  used  by  Marconi  in  his  wireless  telegraphy? 
I  think  you  have  not,  and  yet  we  know  too  well  that  there 
is  not  a  newspaper  reader  in  the  country  but  imagines  he 
has  an  idea  of  wireless  telegraphy  simply  because  he  has  read 
that  Marconi  has  signaled  across  the  Atlantic  Ocean. 

I  am  somewhat  intimately  connected  with  the  teaching 
of  electrical  engineering,  more  intimately,  perhaps,  than  my 
chief  interests  warrant,  and  I  frequently  have  occasion  to 
speak  with  non-technical  men  respecting  this  subject.  There 
are,  indeed,  many  plain  men  who  keep  their  senses  when 
they  speak  of  the  developments  in  applied  electricity  and 
who  talk  with  some  degree  of  rudimentary  intelligence 
concerning  these  things,  but  there  are  many,  very  many, 
more  who  seem  to  imagine  that  the  glad  comfort  with  which 
they  ride  in  a  trolley  car  constitutes  an  intelligent  interest 
in  science  and  has  an  intellectual  quality! 

True  interest  in  science  begins  when  one  gets  an  idea  into 
one's  head  and  sees  its  firm  and  unequivocal  application  to 
external  fact,  and  the  characteristic  feature  of  the  study  of 
science  is  a  determining  objective  constraint  upon  the  processes  of 
the  mind.  I  am  surprised  that  this  one  important  feature  of 
science  study  is  never  mentioned  in  the  many  estimates  that 
have  been  made  of  the  value  of  science  study  in  education, 
for  as  a  matter  of  fact  that  complete  definiteness  which  is 
usually  urged  as  the  characteristic  feature  of  science  study 
is  the  fundamental  condition  of  every  psychological  process; 
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you  say  this  or  you  say  that ;  you  go  or  you  do  not  go ;  and 
the  psychological  processes  which  play  in  the  study  of  science 
do  not  differ  from  other  psychological  processes  in  this  re- 
spect, absolutely  not  at  all. 

Let  me  illustrate  this  objective  character  of  science  study 
by  an  example  which  happens  also  to  illustrate  an  error 
which  I  suppose  many  of  you  entertain.  What  is  the  defini- 
tion of  the  mass  of  a  body?  The  careless  and  imaginative 
definition  which  is  usually  given  is  that  "the  mass  of  a  body 
is  the  quantity  of  matter  the  body  contains."  I  suppose 
that  definition  satisfies  many  of  you,  but  it  does  not  satisfy 
me.  All  our  notions  of  length  and  angle  take  their  rise  in 
and  are  fixed  or  defined  by  those  fundamental  geometric 
operations  of  congruence.  The  real  definition  of  mass  is  no 
less  a  physical  operation,  the  verbal  definition  is  the  briefest 
possible  specification  of  this  operation  and  it  can  be  nothing 
else;  the  result  of  this  operation  on  a  given  body  is  an  in- 
variant number,  and  by  a  feat  of  the  imagination  we  con- 
ceive this  invariant  number  to  be  a  measure  of  the  quantity 
of  matter  the  body  contains.  Ask  a  farmer's  boy  how  he 
would  define  or  set  the  boundaries  to  a  cow  pasture,  explain- 
ing to  him  that  you  seek  real  practical  information,  and  I 
think  he  could  only  answer,  by  building  a  fence  around  it! 
Most  of  our  definitions  in  physics  which  apply  to  sensible 
things  are  necessarily  applied  to  ideally  simplified  conditions 
which  cannot  be  feasibh^  realized  as  actual  operations,  all  for 
the  sake  of  simplicity  and  directness  of  statement,  and  the 
consequence  is,  I  think,  that  many  of  us  lose  sight  of  the  fact 
that  these  definitions  are  in  reality  operations. 

I  sometimes  think  that  no  popular  scientific  writings 
should  be  tolerated  which  do  not  introduce  the  reader  to 
some  appreciation  of  the  exacting  requirements  of  success- 
ful work.  Some  of  Jules  Verne's  stories,  for  example,  are 
peculiarly  faulty  in  this  respect,  and  these  stories,  and 
many  others  like  them,  are  largely  responsible,  in  my  opinion, 
for  the  widespread  fancied  interest  in  science  on  the  part  of 
those  who  really  care  only  for  its  immediate  results.  Most 
persons  are  fascinated  by  Jules  Verne's  careless  trip  to  the 
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moon  and  by  the  easy  improvidence  of  his  ten  thousand 
leagues  vmder  the  sea. 

A  short  time  ago  I  had  occasion  to  review  a  little  book  in 
the  pages  of  Science,  and  I  found  therein  an  opportunity 
to  briefly  state  what  in  my  mind  is  a  more  serious  perversion 
of  science  than  that  which  is  presented  by  those  whose  fan- 
cied interest  in  it  is  based  on  its  results,  and  who,  poor  fools, 
invest  in  Keeley  motors  and  sea  gold  companies  because, 
forsooth,  the  desired  result  is  so  clearly  evident.  Surely 
one  cannot  hold  the  "scientific  spirit"  accountable  for  "great 
degeneracies"  like  these.  The  book  in  question  purports  to 
treat  of  the  atomic  theory;  it  is  prefaced  by  an  introduction 
by  a  professor  in  the  University  of  Chicago,  and  it  deserves 
a  place  in  DeMorgan's  "Budget  of  Paradoxes."  I  men- 
tioned in  my  review,  to  begin  with,  a  list  of  headings  to  serve 
to  indicate  to  the  general  reader  the  present  scope  of  the 
atomic  theory;  the  atomic  theory  of  gases,  the  theory  of 
crystal  structure,  the  molecular  theory  of  elasticity,  the 
electro-atomic  theory  of  radiation,  the  corpuscular  theory  of 
the  electric  discharge  and  of  the  electric  current,  stereo- 
chemistry, and  the  like,  and  I  expressed  it  as  my  conviction 
that  neither  the  author  nor  his  introducer  knew  even  a  little 
of  these   things. 

When  I  take  up  a  book  like  the  one  under  consideration 
1  am  always  impelled  to  ask  myself  the  question,  What  are 
atoms?  although  in  studying  ordinary  books  on  physical 
science  the  question  never  forcibly  occurs  to  me.  In  so  far  as  we 
have  anything  really  to  do  with  atoms,  I  believe  they  are  mere 
logical  constructions.  Bacon  long  ago  listed  in  his  quaint 
way  the  things  which  seemed  to  him  most  needful  for  the 
advancement  of  learning.  Among  other  things  he  men- 
tioned "A  New  Engine,  or  a  help  to  the  mind  corresponding 
to  tools  for  the  hand,"  and  I  think  that  the  greatest  achieve- 
ment of  the  nineteenth  century  in  the  physical  sciences  is  the 
realization  of  Bacon's  idea  in  a  great  l:)ody  of  useful  theory. 
Helmholtz  says:  "It  is  a  great  advantage  for  the  sure  under- 
standing of  abstractions  if  one  seeks  to  make  of  them  the 
most  concrete  possible  pictures,  even  when  the  doing  so  brings 
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in  many  an  assumption  that  is  not  exactly  necessary." 
Just  how  much  of  this  useful  theory  is  to  become  the  common 
property  of  all  men  it  is  impossible  to  say.  For  the  theory 
is  by  no  means  fixed  and  may  not  be  for  a  century  to  come, 
and  no  one  but  the  most  determined  specialist  can  be  ex- 
pected to  appropriate  and  use  the  more  complex  theories 
which  depend  upon  the  keenest  mechanical  sense,  the  sharpest 
algebraic  faculty,  the  strongest  geometrical  imagination,  and 
the  most  devoted  study;  but  there  is  a  great  and  growing 
body  of  simple  conception  and  theory  which  can  and  does 
represent  to  the  understanding  a  vast  array  of  fact. 

This  New  Engine,  as  Bacon  calls  it,  is  a  necessity  to  every 
man  in  so  far  as  its  state  of  perfection  and  the  limited  oppor- 
tunity for  education  permits,  and  on  these  two  conditions 
no  one  need  fear  any  serious  clogging  of  men's  minds  by  it. 
Many  scientists  do  not,  however,  fully  realize,  I  think,  that 
the  great  majority  of  men  do  not  have  and  should  not  have 
any  interest,  or  at  least  they  should  not  expend  their  ener- 
gies, in  those  border  regions  of  science  where  uncertainty  and 
obscurity  necessarily  and  prevailingly  obtain.  The  failure 
of  a  specialist  to  realize  the  remoteness  of  his  work  from 
legitimate  popular  interest  often  results  in  his  endeavor  to 
capture  the  popular  imagination  by  sensational  announce- 
ments of  which  we  see  only  too  many  examples.  The  fact  is 
that  specialization  in  science  requires  a  degree  of  renunciation, 
and  to  the  extent  that  this  requirement  is  not  met  by  scien- 
tists they  do  a  disservice  to  their  fellow  men.  I  believe 
indeed  that  no  man  can  do  honest  and  effective  work  as  a 
specialist  and  fail  to  meet  this  fundamental  requirement; 
and  the  disservice  that  accrues  when  he  attempts  to  evade 
it  is  illustrated  most  distressingly  by  that  would-be  electro- 
scientist  who  has  recently  telegraphed  to  Mars! 

A  career  in  which  one  could  come  into  sympathetic  touch 
with  great  numbers  of  men  would  be  very  satisfactory  to 
most  of  us,  no  doubt,  but  the  career  of  the  scientific  specialist 
is  not  such,  and  I  can  not  refrain  from  stating  it  as  my  con- 
viction that  a  sufificiently  guarded  appropriation  of  say, 
ten  per  cent,  of  the  income  of  the  Carnegie  endowment  for 
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furthering  the  personal  intercourse  of  scientific  speciaHsts 
would  be  productive  of  greater  results  by  far  than  could 
possibly  be  effected  by  the  expenditure  of  the  remaining 
ninety  per  cent,  in  any  other  way  whatever.  I  say  this  more 
particularly  from  the  point  of  view  of  the  western  man. 

I  think,  with  President  Wilson,  that  scientists  have,  as 
a  rule,  recognized  the  limitations  of  their  work,  and  I  certainly 
think,  also,  that  other  men  err  in  attributing  to  science  too 
great  an  extensity  and  in  failing  to  reach  any  just  apprecia- 
tion of  the  intensity  of  science.  Every  one  should  know  that 
a  specialist's  idea  of  a  thing,  such  as  a  gas,  an  electric  current, 
or  a  beam  of  light,  comes  very  near  to  being  a  working  model 
of  the  thing.  The  elements  out  of  which  such  models  are 
made  are  purely  notional,  and  although  the  specialist  habitu- 
ally speaks  of  them  in  objective  terms  for  the  sake  of  con- 
creteness  and  clearness,  it  is  of  the  utmost  importance  that 
the  thought  be  chiefly  directed  to  the  physical  facts  which 
are  represented  and  not  to  the  models  themselves.  "Our 
method,"  says  Bacon,  "is  continually  to  dwell  among  things 
soberly,  without  abstracting  or  setting  the  mind  farther  from 
them  than  makes  their  images  meet,"  and  "The  capital 
precept  for  the  whole  undertaking  is  that  the  eye  of  the 
mind  be  never  taken  off  from  things  themselves,  but  receive 
their  images  as  they  truly  are,  and  God  forbid  that  we  should 
ever  offer  the  dreams  of  fancy  for  a  model  of  the  world." 

There  is  a  tendency  among  reflecting  men  to  confuse  the 
boundaries  between  our  logical  constructions  and  the  ob- 
jective realms  which  they  represent  to  the  understanding. 
Miinsterberg  thinks  that  this  is  the  gravest  danger  of  our 
time.  I  do  not  fully  agree  with  this,  but  I  do  agree  with 
President  Wilson  in  seeing  in  this  confusion  of  boundaries  the 
effects  of  a  noxious  gas  which  has  somehow  got  into  the  lungs 
of  other  men  from  out  of  the  crevices  of  our  workshops,  a 
gas,  it  would  seem,  which  forms  only  in  the  outer  air  and 
where  men  do  not  know  the  right  use  of  their  lungs. 

This  confusion  of  boundaries  is,  to  my  mind,  a  new  species 
of  idolatry.  The  old  idolatry  is  the  worship  of  form,  and  this 
new  idolatry  is  that  contemplation  of    our  logical  construe- 
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tions  which  despises  objective  constraint.  Now,  I  cannot 
see  that  we  as  scientists  are  in  any  degree  responsible  for  this 
disservice,  this  working  of  a  great  degeneracy  among  men,  but 
as  individuals  I  think  most  of  us  are  guilty  of  more  or  less 
frequent  and  flagrant  lapses  of  that  submission  to  objective 
constraint  which  is  the  very  essence  of  moral  quality  in 
scientific  work. 

An  amusing  collection  of  instances  of  this  new  idolatry, 
which  we  all  know  is  not  so  very  new  after  all,  is  given  by 
DeMorgan  in  his  "Budget  of  Paradoxes."  There  are  many 
more  of  these  paradoxes,  to  use  DeMorgan's  word  for  those 
unconstrained  flights  of  the  scientiflc  imagination,  in  the 
mathematical  and  physical  sciences  than  in  biology.  The 
explanation  of  this  fact  is,  I  think,  that  the  logical  struc- 
tures of  those  sciences  are  to  a  great  extent  concrete  in 
character  so  that  even  strong  minds  may  lose  sight  of  the 
boundaries  between  the  realms  of  the  mind  and  the  realms  of 
objective  reality.  The  wide  dift'erence  between  the  logical 
structures  of  physics  and  of  biology  may  be  further  illustrated 
if  I  mention  that  I  have  long  been  impressed  with  the  fact 
that  the  most  satisfactory  specialist  to  talk  with  is  the  biol- 
ogist. His  knowledge  is  not  represented  to  his  understand- 
ing by  a  mathematical-mechanical  system  of  conceptions, 
but  it  approaches  art  in  its  close  association  with  external 
form.  Conversation  with  a  physicist  is,  however,  very  like 
looking  into  the  mechanism  of  a  Mergenthaler  type-casting 
machine,  with  the  machine  out  of  sight;  a  thing  which  is 
feasible  enough  among  designers  and  builders,  but  scarcely 
a  satisfactory  basis  for  the  flow  of  thought  when  one  party 
in  the  conversation  happens  to  be  unfamiliar  with  and  per- 
haps not  interested  in  the  mechanism  in  question. 

Having  so  far  expressed  a  degree  of  sympathy  with  Presi- 
dent Wilson  in  the  distress  which  some  of  the  results  of 
science,  direct  or  indirect,  have  given  him,  I  wish  to  say 
that  giving  the  words  of  his  sesqui-centennial  address  their 
most  sinister  interpretation  a  modern  man  would  infer 
that  President  Wilson  is  inclined  to  turn  back  to  the  hope  of  a 
revival  of  classical  and  cloistered  erudition  as  the  chief  end  of 
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learning.  Now,  I  think  that  many  of  us  feel  that  science 
itself  is  threatened  by  just  this  sort  of  thing  in  its  own  field. 
Many  of  us  in  fact  know  so  much  of  the  partial  knowledges 
that  have  been  reached  during  the  century  that  we  are  de- 
terred from  effective  work.  "We  advise  all  men,"  says 
Bacon,  "to  think  of  the  true  ends  of  knowledge,  and  that  they 
endeavor  not  after  it  for  curiosity,  contention,  or  the  sake 
of  despising  others,  nor  yet  for  profit,  reputation,  power,  or 
any  such  inferior  consideration,  but  solely  for  the  occasions 
and  uses  of  life." 

Above  all  I  believe  it  to  be  in  general  a  perverting  thing  to 
use  the  elements  and  results  of  science  as  a  basis  of  meta- 
physical speculation.  "I  believe,"  with  Ruskin,  "that 
Metaphysicians  and  Philosophers  are,  on  the  whole,  the  great- 
est troubles  the  world  has  got  to  deal  with;  and  that,  while 
a  tyrant  or  bad  man  is  of  some  use  in  teaching  people  sub- 
mission or  indignation,  and  a  thoroughly  idle  man  is  only 
harmful  in  setting  an  idle  example,  and  communicating  to 
other  lazy  people  his  own  lazy  misunderstandings,  busy 
metaphysicians  are  always  entangling  good  and  active  people 
and  weaving  cobwebs  among  the  finest  wheels  of  the  world's 
business;  and  are  as  much  as  possible  by  all  prudent  persons 
to  be  brushed  aside  like  spiders." 

There  is,  of  course,  a  legitimate  sphere  of  scientific  specu- 
lation of  a  certain  kind,  but  the  purely  suggestive  and  highly 
tentative  efforts  in  this  line  should  not  be  confused  with  the 
more  substantial  work  of  science,  and  this  is  precisely  what 
happens  in  the  popular  imagination.  The  majority  of 
men  do  not  appreciate  the  difference  between  a  discussion 
of  the  motion  of  stars  in  the  line  of  sight  based  upon  spectro- 
scopic measurements  and  a  discussion  of  the  habitation  of 
Mars  based  on  nothing  at  all!  Idle  speculation  is  the  last 
infirmity  of  strong  minds,  but  it  is  certainly  the  first  infirmity 
of  weak  ones,  and  popular  science  is,  I  think,  primarily 
speculation. 

The  extent  to  which  some  of  our  elementary  text-books 
in  physics  indulge  in  weak  phases  of  speculation  is  very  sur- 
prising to  me,  for  in  this  connection  it  is  absolutely  out  of 
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place  and  entirely  misleading.  What  do  you  think,  for  ex- 
ample, of  the  following  quotation  from  Maxwell  as  a  help 
to  clear  up  an  inadequate  definition  of  energy  in  a  secondary 
school  book  in  physics?  "We  are  acquainted  with  matter 
onlv  as  that  which  may  have  energy  imparted  to  it  from 
other  matter,  and  which  may  in  its  turn  communicate  its 
energy  to  other  matter.  Energy,  on  the  other  hand,  we 
know  only  as  that  which  in  all  natural  phenomena  is  continu- 
ally passing  from  one  portion  of  matter  to  another."  What 
do  vou  think  of  the  following  from  an  elementary  English 
text -book?  "The  fundamental  property  of  matter,  which 
distinguishes  it  from  the  only  other  real  thing  in  the  universe,  is 
inertia.  *  *  *  w^e  are  now  in  a  position  to  give  one 
or  two  provisional  definitions  of  matter — provisional  because 
we  cannot  yet  say,  possibly  may  never  be  able  to  say,  what 
matter  really  is.  It  may  be  defined  in  terms  of  any  of  its 
distinctive  characteristics.  We  may  say  that  matter  is  that 
which  possesses  inertia,  or  again  since  we  have  no  knowledge 
of  energy  except  in  association  with  matter,  we  may  assert 
that  matter  is  the  Vehicle  of  Energy."  I  wonder  if  any  of 
vou  really  doubt  that  every  notion  in  physics,  definite  or 
indefinite,  is  associated  with  and  derived  from  a  physical 
operation,  and  that  absoluteh'  the  only  way  to  teach  physics 
to  young  men  is  to  direct  their  attentioa  to  that  marvelous 
series  of  determining  operations  which  bring  to  light  those 
one-to-one  correspondences  which  constitute  the  abstract 
facts  of  physical  science.  If  you  do,  I  am  bound  to  say  I 
do  not  think  much  of  your  knowledge  or  teaching  of  physics. 
I  think  that  the  sickliest  notion  of  physics,  even  if  a  student 
gets  it,  is  that  it  is  "the  science  of  masses,  molecules  and  the 
ether."  And  I  think  that  the  healthiest  notion,  even  if  a 
student  does  not  wholly  get  it,  is  that  physics  is  the  science 
of  the  ways  of  taking  hold  of  bodies  and  pushing  them! 
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IN  COUPLE  TE  OBSER  VA  TIONS. 


In  scientific  literature  many  observations  are  recorded 
which,  from  the  experimental  proof  offered,  have  been  gen- 
erally recognized  as  true,  but  which  may  be  classed  as  incom- 
plete, owing  to  the  fact  that  the  methods  of  investigation 
employed  destroyed  conditions  that  were  later  found  to 
exist,  or  that  subsequent  discoveries  modified  the  conclusions 
reached  at  the  time  of  the  original  investigation. 

As  an  illustration  of  this  proposition  the  theories  of  alco- 
holic fermentation  may  be  cited.  The  members  of  Section 
C  will  readily  recall  the  long  and  bitter  controversy  which 
was  waged  between  the  two  great  masters,  Liebig  and  Pasteur, 
and  their  respective  adherents  as  to  the  true  cause  of  this 
phenomenon. 

It  is  interesting  at  this  time,  in  the  light  of  recent  observa- 
tions, to  compare  the  two  opposing  theories. 

According  to  Liebig  alcoholic  fermentation  is  caused  bv  the 
decomposition  of  complicated  nitrogenous  bodies  designated 
by  him  as  putrescible  material,  and  the  molecular  disturbance 
thereby  produced  is  imparted  to  the  fermenticible  substance, 
sugar,  and  breaks  it  up  into  simpler  bodies,  alcohol  and  carbon 
dioxide. 

The  vitalistic  theory,  revived  by  Pasteur  and  brought 
to  general  recognition  by  his  masterly  and  convincing  experi- 
ments, teaches  that  alcoholic  fermentation  takes  place  onlv 
in   the   presence   of  a   living  micro-organism   known   as  the 
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yeast  plant,  and  that  the  phenomenon  of  fermentation  is 
intimately  connected  with  the  life  process  of  this  organism. 
The  most  convincing  proof  in  support  of  the  vitalistic  theory 
was  furnished  by  Pasteur  in  his  methods  of  preventing 
fermentation  and  allied  phenomena  by  simply  heating  perish- 
able bodies  to  a  temperature  high  enough  to  kill  the  living 
germs.  In  the  case  of  acetic  acid  fermentation  he  showed 
that  a  temperature  of  60*  was  sufftcient  to  destroy  the  vinegar 
plant.  At  this  temperature,  he  argued,  the  nitrogenous 
bodies,  which  Liebig  claimed  as  the  actual  ferments,  would 
remain  intact.  In  spite  of  this,  however,  he  showed  that 
further  fermentation  was  completely  arrested  so  long  as 
living  germs  were  excluded. 

Although  the  work  of  Pasteur  was  of  the  greatest  im- 
portance to  science  and  humanity,  and  his  experimental 
evidence  for  the  establishment  of  the  vitalistic  theory  of 
fermentation  was  of  the  highest  order,  yet  to  the  minds  of 
many  it  was  never  entirely  clear  that  the  rival  theory  was 
completely  overthrown.  For  a  long  time,  however,  the 
vitalistic  theory  had  clear  sailing.  But  the  observations 
which  led  to  its  adoption  remained  incomplete  until  a  few 
years  ago  Buchner  startled  the  scientific  world  b}'  the  an- 
nouncement that  he  had  produced  alcoholic  fermentation 
without  the  presence  of  a  single  living  germ.  By  simply 
mixing  the  extract,  obtained  by  strong  pressure  from  brewer's 
yeast,  containing  nothing  but  dead  organic  matter,  he  caused 
a  solution  of  grape  sugar  to  ferment,  and,  in  fact,  much  more 
rapidly  than  if  the  yeast  itself  had  been  employed.  Not 
only  thi.s — Buchner  showed,  furthermore,  that  the  activity 
of  this  extract  was  completely  destroyed  at  a  temperature 
below  that  required  to  kill  the  yeast  plant.  This  is  the 
important  point  in  Buchner "s  observations,  because  it  was 
the  failure  to  recognize  this  fact  by  Pasteur  and  his  adherents 
that  helped,  more  than  anything  else,  to  give  the  death  blow 
to  Liebig's  theory.  It  is  true  that  Liebig  at  first  did  not 
regard  his  putrescible  matter  or  ferments  as  a  product  of 
the  ever-present  organisms,  and  it  is  also  true  that  in  Buchner's 
extract  it  is  the  enzyme  of  the  yeast  plant  which  produces 
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the  molecular  disturbance  that  causes  the  grape  sugar  to 
break  up  into  alcohol  and  carbon  dioxide;  yet  it  is  gratifying 
to  all  those  who  were  students  of  the  great  master  to  learn 
that,  in  the  main,  his  attitude  toward  the  process  of  fermenta- 
tion has  been  finally  vindicated. 

It  was  the  desire  of  the  writer  to  discuss  on  this  occasion 
some  subject  related  to  that  branch  of  chemistry  with  which 
he  is  at  present  identified,  and  for  this  purpose  the  investi- 
gations in  regard  to  assimilation  of  free  nitrogen  by  plants 
were  selected  for  consideration,  since  this  question  belongs 
in  the  category  of  "incomplete  observations." 

The  importance  to  agriculture  of  knowing  whether  plants 
were  capable  of  assimilating  the  free  nitrogen  of  the  air  was 
impressed  upon  the  minds  of  the  early  investigators  of  the 
subject  of  plant  nutrition,  because  if  this  element  in  the  free 
state  so  liberally  supplied  by  nature  should  be  found  to  be 
available  as  plant  food,  then  it  would  fall  into  the  same  class 
with  carbon,  hydrogen  and  oxygen,  which  furnish  the  bulk 
of  all  vegetable  matter,  and  about  whose  source  the  farmer 
need  have  no  concern.  In  the  early  fifties  the  French  chem- 
ist, Boussingault,  conducted  his  memorable  experiments 
with  various  kinds  of  plants  in  order  to  settle  this  question. 
His  apparatus  consisted  of  a  large  glass  one-necked  globe, 
into  which  he  introduced  a  sufficient  cjuantity  of  soil  freed 
from  nitrogen  compounds  by  ignition.  In  this  soil  he  planted 
a  certain  number  of  seeds,  supplied  a  sufficient  amount  of 
water,  and  then  hermetically  sealed  into  the  neck  of  the  globe 
a  smaller  one  filled  with  carbon  dioxide.  Under  this  arrange- 
ment the  seeds  were  allowed  to  germinate  and  the  plants  to 
grow.  After  a  period  of  several  weeks  the  plants  with  their 
roots  were  carefully  removed,  dried,  weighed  and  the  nitrogen 
determined.  He  then  determined  the  nitrogen  in  a  like 
number  of  seeds  themselves  and  compared  the  results.  Out 
of  fourteen  experiments  with  various  kinds  of  plants,  includ- 
ing the  legumes,  he  found  in  eleven  cases  a  minus  quantity 
of  nitrogen  in  the  plants  and  in  the  other  three  a  small  plus 
quantity.  The  latter  results,  however,  he  considered  within 
the  limits  of  errors  of  observation.  His  conclusion,  there- 
fore, was  that  the  free  nitrogen  was  not  available  plant  food. 
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At  the  same  time  another  French  chemist,  Ville,  investi- 
gated this  problem.  His  experiments  were  made  on  a  some- 
what larger  scale,  his  apparatus  consisting  of  iron  sash  filled 
with  glass.  Ville  uniformly  found  a  marked  increase  in  the 
content  of  nitrogen  of  the  plants  over  that  of  the  seeds,  and 
since  nitrogen  compounds  had  been  excluded  during  the 
time  of  his  experiments,  he  concluded  that  the  source  of  this 
increase  was  necessarily  the  free  nitrogen  of  the  air.  His 
objection  to  Boussingault's  conclusions  was  based  upon  the 
claim  that,  in  the  confined  space  in  which  the  plants  were 
forced  to  grow,  their  natural  development  was  hindered. 

Ville's  criticism  led  Boussingault  to  repeat  his  experiments. 
In  order  to  meet  the  former's  objection  to  the  limited  amount 
of  air  in  which  the  plants  were  forced  to  vegetate,  he  substi- 
tuted a  three-necked  globe  for  the  one  employed  before.  By 
using  an  aspirator  the  air  in  this  globe  could  be  continually 
renewed,  after  passing  it  through  a  series  of  Wolf's  bottles 
with  the  proper  solutions  to  free  it  from  nitrogen  compounds. 
The  results  of  this  second  series  of  experiments  fully  corrob- 
orated his  former  conclusions. 

A  committee  appointed  by  the  French  Academy  of  Sciences 
to  investigate  the  methods  employed  by  Boussingault  and 
Ville  held  that,  in  the  latter's  experiments,  the  introduction 
of  nitrogen  compounds  was  not  excluded,  and,  therefore, 
pronounced  in  favor  of  Boussingault.  If  any  doubt  had 
remained  in  regard  to  the  correctness  of  Boussingault's  con- 
clusions it  was  dispelled  a  few  years  later  by  the  labors  of 
Laws,  Gilbert  and  Pugh.  These  investigators  repeated  the 
experiments  of  Boussingault  with  expensive  and  improved 
apparatus.  Their  work  was  performed  with  the  greatest 
care  and  nicety,  and  their  results  fully  vindicated  Boussin- 
gault in  the  position  he  had  taken. 

The  experimental  evidence  thus  produced  in  favor  of  the 
proposition  that  the  free  nitrogen  of  the  air  was  not  available 
for  vegetable  growth  was  so  clear  and  convincing  that  it  was 
readily  accepted  by  all,  with  the  exception  of  one  man. 
This  man  was  George  Ville,  of  France. 

During  all   the  time  in   which   this  opinion  prevailed,   he 
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alone  remained  iirm  in  the  belief  that  his  observations  were 
true,  and  that  plants  could  assimilate  free  nitrogen. 

That  plants  can  not  assimilate  free  nitrogen  directly  was 
established  by  those  early  investigators  without  a  doubt. 
On  the  other  hand,  it  is  now  equally  well  established  that 
free  nitrogen  does  become  available  as  plant  food  and  plays 
an  important  part  in  vegetable  production. 

Evidently,  therefore,  the  early  investigations  must  have 
been  incomplete,  and  at  this  distant  day  it  is  not  difficult  to 
point  out  wherein  they  were  defective.  Boussingault  and 
Ville,  as  well  as  Laws,  Gilbert  and  Pugh,  regarded  the  soil  as 
a  mixture  of  mineral  matter  and  humus.  They  had  no  con- 
ception of  the  fact  that  it  was  the  home  of  a  world  of  living 
micro-organisms,  which  in  a  variety  of  ways  are  silentlv  and 
incessantly  active  in  the  transformation  of  matter  essential 
to  vegetable  growth.  Hence  it  is  but  natural  that,  in  prepara- 
tion of  soil  free  from  nitrogen  compounds  of  all  kinds,  they 
should,  what  any  chemist  under  like  conditions  would  do, 
subject  their  soil  to  an  intense  heat. 

Notwithstanding  the  prominence  of  these  investigators 
and  the  general  recognition  accorded  to  their  conclusions, 
further  work  in  this  connection  was  at  most  onlv  retarded, 
but  not  entirely  abandoned.  Facts  known  at  that  time, 
and  new  observations  gradually  made  in  studying  the  soil 
in  all  of  its  phases,  began  to  point  in  the  opposite  direction. 

With  the  discovery  of  Berthelot,  that  the  fixation  of  free 
nitrogen  took  place  through  the  instrumentality  of  silent 
electrical  discharges  in  the  soil,  were  associated  the  manifold 
effects  upon  matter,  shown  to  be  due  to  the  action  of  bacterial 
life.  These  latter  discoveries  may  be  divided  into  two 
groups : 

1.  Those  showing  the  independent  action  of  bacteria  in 
the  soil  in  causing  fermentation,  nitrification,  denitrification 
and  fixation  of  free  nitrogen. 

2.  Those  showing  the  fixation  of  free  nitrogen  l)v  microbes 
in  symbiotic  relation  to  higher  plants. 

The  first  group  of  observations  including  the  fixation  of 
free   nitrogen   in   the   soil   as   pointed  out   by    Berthelot   and 
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others  is  of  great  importance  to  agriculture,  but  the  amount 
of  available  nitrogenous  plant  food  produced  by  the  various 
processes  discovered  is  not  sufficient  for  the  demands  of 
intensive  farming.  The  truth  of  this  statement  can  be 
inferred  from  the  fact  that,  in  addition  to  the  enormous 
amount  of  nitrogenous  material  obtained  from  domestic 
and  industrial  sources,  as  well  as  from  the  extensive  deposits 
of  guano,  there  are,  at  the  present  time,  about  one  million 
tons  of  Chili  saltpeter  employed  annually  by  farmers  the 
world  over  to  maintain  partially  the  fertility  of  their  fields. 

The  second  group  of  observations  are  of  greater  interest 
to  agriculture,  since  they  point  out  the  way  of  securing  from 
the  free  nitrogen  of  the  air  an  ample  amount  of  combined 
nitrogen  to  meet  all  the  requirements  of  intensive  farming. 
They  make  the  farmer  independent  of  the  natural  deposits 
of  nitrogenous  fertilizers,  and  furnish  him  the  means  of 
preventing  his  helplessness,  in  case  these  sources  of  plant 
food  should  become  exhausted  or  otherwise  unavailable. 

From  the  time  of  the  ancients  down  to  the  present  day 
the  legumes,  especially  the  clovers,  have  occupied  a  unique 
position  among  agricultural  crops.  The  beneficial  effects 
of  a  crop  of  clover  upon  subsequent  grain  crops  was  a  matter 
of  practical  experience  in  ancient  and  mediaeval  times,  and 
this  empirical  knowledge  was  applied  more  or  less  in  the 
practice  of  agriculture  during  those  periods,  as  well  as  in 
modern  times.  When  the  science  of  chemistry  began  to 
shed  light  upon  the  production  of  vegetable  matter,  and 
showed  the  relation  which  plants,  soil  and  air  bore  to  each 
other,  and  especially  that  certain  elements  contained  in  the 
soil  and  air  were  essential  to  vegetable  growth,  the  peculiar 
properties  of  the  legumes  received  early  attention.  It  was 
soon  learned  that  the  leguminous  plants  were  pre-eminently 
nitrogen  gatherers.  Having  accepted  the  conclusions  of 
Boussingault  in  regard  to  free  nitrogen  as  true,  the  teachers 
of  agricultural  chemistry  were  forced  to  explain  this  property 
of  the  leguminous  plants  in  various  ways.  Besides  the 
empirical  observations,  already  alluded  to,  many  comparative 
experiments  were  made  which  showed  the  beneficial  effects 
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of  legumes  on  subsequent  grain  crops.  As  an  example  the 
experiment  of  von  Wulflfen  may  be  cited.  One-half  of  a 
certain  field  was  allowed  to  remain  in  bare  fallow,  while  the 
other  half  was  sown  to  yellow  lupines.  After  the  lupines 
had  fully  developed  the  whole  field  was  plowed  and  sown 
to  rye.  The  yield  of  the  two  halves  was  determined  sepa- 
rately with  the  following  results: 

Grain.  Straw. 

After  lupines 532  . 5   lb.  1,072      lb. 

After  bare  fallow 322        lb.  656. 51b. 

Here  was  a  total  increase  in  grain  and  straw  of  626  pounds 
on  that  half  of  the  field  which  had  been  sown  to  lupines, 
while  nothing  from  without  had  been  added  to  it  except 
sixty  pounds  of  lupine  seed.  The  results  of  this  experiment 
also  show,  what  was  claimed  above,  that  the  independent, 
bacterial  activity  of  the  bare  fallow  fell  far  short  of  producing 
sufficient  available  plant  food  for  a  full  crop  of  rye. 

In  seeking  an  explanation  for  this  effect  of  the  legumes, 
Boussingault  determined  the  amount  of  refuse,  i.  e.,  stubble 
and  roots,  left  in  the  soil  by  various  crops.  For  this  purpose 
he  had  the  roots,  etc.,  collected  from  measured  plots  of  fields 
from  which  the  crops  had  been  harvested.  His  results  are 
given  in  kilos  per  hectare  and  refer  to  dry  matter.  The 
nitrogen  of  the  refuse  was  also  determined.     His  figures  are 

given  in  the  following  table: 

Niirjgen  jf 
Crop.  Refuse.  Refuse. 

Wheat 1,002  518  2.1 

Oats 1 ,608  650  2.6 

Clover 1,975  i.547  27.9 

If  it  be  considered  that  the  essential  ash  ingredients  of 
plant  food  are  equally  high  in  the  clover  refuse,  it  will  be  seen 
that  the  manurial  value  of  the  clover  refuse  is  out  of  all  pro- 
portion to  that  of  the  two  cereals,  and  consequently  that 
clover  must  be  a  better  forerunner  for  a  grain  crop  than  a 
grain  crop  itself.  But  Boussingault  did  not  stop  here.  He 
also  collected  the  refuse  matter,  roots  and  leaves  from  a 
crop  of  mangolds,  and  found  tliat  not  only  the  dry  matter, 
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but  also  the  nitrogen  contained  therein,  was  in  excess  of  that 
of  the  clover.  Here  was  a  dilemma;  for  it  was  well  known 
that,  compared  to  legumes,  root  crops  were  poor  forerunners 
for  grain  crops.  The  explanation  for  this  apparent  contra- 
diction was  found  in  extensive  experiments  made  at  Rotham- 
stead.  Laws  and  Gilbert  raised  root  crops  on  the  same 
field  for  years  in  succession  without  the  application  of  man- 
ures, and  found  that  they  rapidly  exhausted  the  surface  soil. 
On  the  other  hand,  they  showed  that  with  clover,  even  after 
the  removal  of  a  highly  nitrogenous  crop,  the  soil  was  left 
richer  in  nitrogen  than  it  was  before.  It  is  but  fair  to  state 
in  this  connection  that  other  investigators  found  much  larger 
yields  with  clover  than  Boussingault.  Thus,  to  take  the 
other  extreme,  Heiden  obtained  from  measured  plots  of 
clover,  after  it  had  become  fully  ripe,  and  by  removing  the 
whole  aerial  portion  of  the  crop,  the  following  results,  ex- 
pressed in  kilos  per  hectare: 

Drv  matter 

Nitros;en 


Aerial  Portion. 

Roots. 

M.S48 

8,46q.6 

,381.5 

275-3 

Laws  and  Gilbert,  Heiden,  and  in  fact  all  who  investigated 
this  subject  explained  this  large  accumulation  of  nitrogen 
principally  by  the  assumption  that  clover,  on  account  of  its 
deep  roots,  had  the  power,  in  a  marked  degree,  of  obtaining 
a  large  portion  of  its  food  from  the  subsoil  and  bringing  it 
to  the  surface.  Furthermore,  it  was  assumed  that  on  account 
of  the  great  leaf  surface  of  clover,  its  more  succulent  nature 
and  its  longer  period  of  growth,  it  was  capable  of  collecting 
more  ammonia  from  the  air  than  was  the  case  with  grasses 
and  cereals.  Another  peculiarity  which  the  legumes  were 
thought  to  possess  was  their  ability  to  assimilate,  in  a  higher 
degree  than  other  crops,  the  reserve  nitrogen  of  the  soil. 
This  assumption  would  explain,  of  course,  why  these  plants 
should  make  a  luxuriant  growth  on  soils  on  which,  for  lack 
of  available  nitrogen,  other  crops  failed  to  make  a  good 
stand,  but  it  would  not  throw  any  light  upon  the  fact,  estab- 
lished by  general  observation,  that  the  total  fixed  nitrogen 
of  the  soil  was  so  materially  increased. 
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It  may  be  truthfully  said  that  all  these  explanations  taken 
together  were  not  entirely  satisfactory  to  those  who  were 
engaged  in  the  teaching  of  agricultural  chemistry,  but,  in 
short,  this  was  the  status  of  the  nitrogen  question  for  a 
generation  or  more,  when  Hellriegel  announced  before  the 
section  of  agricultural  chemists  of  the  German  Association 
of  Men  of  Science  and  Physicians,  at  their  meeting  in  1886, 
that  the  leguminous  plants  could  assimilate  the  free  nitrogen 
of  the  air,  and  that  this  assimilation  was  intimately  connected 
with  the  nodules  appearing  upon  the  roots  of  these  plants. 
The  hearty  applause  with  which  this  announcement  was 
received  at  the  meeting,  and  the  widespread  and  spontaneous 
interest  which  it  awakened  all  over  the  world,  showed  that 
it  came  as  a  relief  to  agricultural  chemists  and  vegetable 
physiologists  in  general.  The  report  of  Hellriegel  was  based 
upon  observations  and  experiments  made  during  the  four 
preceding  years.  He  had  been  appointed  jointly  with  Wil- 
farth  as  referee  on  the  subject  of  nitrogen  assimilation  by 
plants.  The  experiments  were  made  in  pots  containing 
four  kilos  of  recently  ignited  sand,  to  which  the  proper 
amount  of  mineral  plant  food,  free  from  combined  nitrogen, 
had  Vjeen  added.  The  main  points  established  were  as 
follows : 

1.  When  no  combined  nitrogen  was  added  to  the  artificial 
soil  the  acquisition  of  nitrogen  over  that  contained  in  the 
seeds  was  naught.  Tliis  was  true  for  all  kinds  of  plants, 
including  the  legumes. 

2.  The  development  of  all  kinds  of  plants  and  the  acquisi- 
tion of  nitrogen  were  in  direct  proportion  to  the  amount  of 
combined  nitrogen  added. 

3.  When  a  small  quantity  of  natural  soil,  or  of  an  aqueous 
infusion  of  such  soil,  was  added  to  the  contents  of  the  pots, 
and  no  other  combined  nitrogen  introduced,  the  graminaceous 
plants,  as  well  as  some  other  families  of  plants,  died  of 
nitrogen  starvation,  and  their  acquisition  of  nitrogen  was 
naught. 

4.  Under  the  same  conditions  the  leguminous  plants,  after 
a   period   of   nitrogen   starvation,    began   to   recuperate,   the 
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foliage  returned  to  its  normal  green  color,  and  the  plants 
continued  to  grow,  in  some  cases  vigorously,  to  complete 
maturity,  and  acquired  all  the  nitrogen  necessary  for  this 
development. 

5.  The  graminaceous  plants  are  dependent  upon  the  com- 
bined nitrogen  of  the  soil  for  their  development. 

6.  The  legumes  are  independent  of  the  combined  nitrogen 
of  the  soil  and  can  acquire  all  the  nitrogen  for  their  complete 
development  from  the  air,  and,  furthermore,  not  from  the 
small  quantity  of  combined  nitrogen  contained  in  the  air, 
but  from  the  free  nitrogen. 

7.  Whenever,  under  these  conditions,  the  legumes  acquired 
nitrogen,  this  acquisition  was  invariably  accompanied  with 
the  appearance  of  tubercles  on  their  roots. 

8.  Sterilization  of  the  natural  soil  or  of  the  soil  infusion 
destroys  its  effect. 

A  year  later,  1887,  Wilfarth  made  a  further  report  on  this 
subject.  In  one  experiment  made  by  Hellriegel  and  Wilfarth 
the  classical  method  of  Boussingault  was  employed.  They 
placed  into  a  large  glass  globe  four  kilos  of  ignited  sand, 
mixed  with  sufficient  water  and  the  necessary  mineral  con- 
stituents of  plant  food  free  from  nitrogen  compounds.  They 
also  added  a  small  quantity,  an  aqueous  infusion,  of  a  soil 
in  which  peas  had  been  previously  grown.  In  the  artificial 
soil  thus  prepared  they  planted  a  pea,  a  grain  of  oats  and  a 
buckwheat  seed.  The  globe  was  hermetically  sealed  with 
a  ground  glass  stopper  and  the  necessary  carbon  dioxide  for 
the  growth  of  the  plants  was  introduced  from  time  to  time. 
The  oat  and  buckwheat  plants  grew  only  till  the  seeds  had 
become  exhausted,  and  acquired  no  nitrogen  in  excess  of 
that  contained  in  the  seeds.  On  the  other  hand,  the  pea 
plant  made  a  vigorous  and  normal  growth  and  was  still 
growing  when  the  report  was  made.  A  large  part  of  this 
plant  had  been  removed  and  was  found  to  contain  6.55  grams 
of  dry  matter  and  0.137  gram  of  nitrogen. 

This  interesting  experiment  not  only  corroborates  the 
claims  of  these  investigators,  but  it  completes  the  original 
experiment  of  Boussingault,  in  that  it  restores  the  condition 
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of  natural  soils,  which  he  had  destroyed  by  his  method  of 
removing  fixed  nitrogen.  In  this  connection  it  is  of  interest 
to  refer  again  to  the  position  on  the  nitrogen  question  occu- 
pied alone  by  Ville.  It  can  readily  be  understood  that,  in 
the  large  apparatus  employed  by  this  investigator,  the 
chances  for  complete  sterilization  were  very  remote,  especially 
since  no  particular  attention  was  paid  to  this  point.  Microbes 
from  the  soil  could  easily  have  found  their  way  into  his  large 
case  through  dust  or  otherwise,  and  in  the  presence  of  organic 
matter  arising  from  the  seeds  and  the  roots  of  the  plants, 
could,  in  a  short  time,  become  active  in  fixing  the  free  nitrogen 
of  the  air.  The  contention  of  Ville  that,  in  his  experiments, 
free  nitrogen  of  the  air  was  assimilated  by  plants  may,  there- 
fore, have  been  sound. 

But  to  return  to  the  line  of  thought  broken  by  this  digres- 
sion, Wilfarth  reported  some  important  gains  in  nitrogen  by 
lupines  grown  in  pots  with  four  kilos  of  nitrogen-free  sand 
on  addition  of  a  measured  quantity  of  soil  infusion  containing 
not  more  than  seven-tenths  of  a  milligram  of  fixed  nitrogen. 
The  yields  are  as  follows: 

With  Soil  Infusion: 

No.  3.  44-73  grms.  dry  matter  with  1.099  grms.  nitrogen. 

No.  4.  45-62  grms.  dry  matter  with  1.156  grms.  nitrogen. 

No.  5.  44.48  grms.  dry  matter  with  1-194  grms.  nitrogen. 

No.  6.  42.45  grms.  dry  matter  with  1.337  grms.  nitrogen. 

Without  Soil   Infusion: 

No.  9.  0.918  grms.  dry  inatter  with  0.0146  grms.  nitrogen. 

No.  10.  0.800  grms.  dry  matter  with  0.0136  grms.  nitrogen. 

No.  II.  0.921  grms.  dry  matter  with  0.0132  grms.  nitrogen. 

No.  12.  1. 02  I  grms.  dry  matter  with  0.0133  grms.  nitrogen. 

By  the  sole  employment  of  a  small  quantity  of  soil  infusion 
containing  an  infinitesimal  amount  of  combined  nitrogen, 
in  pots  holding  about  eight  pounds  of  sand,  the  plants  made 
an  average  gain  in  dry  matter  of  42.9  grams,  and  in  nitrogen 
of  1. 1 8  grams  over  the  same  kind  of  plants  grown  under  the 
same    conditions    without    this    addition.     This    remarkable 
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result  was  surely  worthy  of  the  general  interest  which  its 
publication  evoked. 

Numerous  experimenters  all  over  the  world  at  once  began 
to  pay  attention  to  the  little  tubercles,  and  they  were  investi- 
gated from  all  points  of  view.  Their  morphology  was  studied 
by  Frank,  Laurent  and  others.  For  this  purpose  Frank, 
as  well  as  Laurent,  grew  plants  partly  in  water  culture  with 
the  production  of  root  tubercles.  Since  their  labors  belong 
to  the  domain  of  biology  this  simple  reference  to  them  here 
will  suffice. 

The  results  of  all  investigations  from  a  chemical  stand- 
point verified  the  conclusions  reached  by  Hellriegel  and 
Wilfarth.  But,  in  addition  to  this,  a  great  many  new  facts 
bearing  upon  this  subject  were  obtained.  Breal  analyzed 
the  nodules  of  various  legumes  and  found  that  the  content 
of  nitrogen  in  the  dry  matter  varied  from  three  to  seven  per 
cent.,  and  was  higher  than  that  of  any  other  part  of  the 
plants  excepting  the  seeds.      This  fact  is  significant. 

Breal  also  obtained  results  similar  to  those  of  Hellriegel 
and  Wilfarth  by  germinating  peas  between  moistened  filter 
papers,  inoculating  the  roots,  after  they  had  attained  the 
length  of  a  few  centimeters,  with  a  needle  which  had  been 
plunged  into  a  tubercle,  and  then  growing  the  plants  in 
nitrogen-free  sand  containing  the  necessary  mineral  ingredi- 
ents  of  plant  food. 

This  investigator  also  grew  peas  in  water  culture.  After 
germinating  seeds  between  moistened  filter  papers  as  before, 
and  after  the  roots  had  attained  a  length  of  three  or  four 
centimeters  he  inoculated  them  with  a  needle  which  had 
been  inserted  into  a  tubercle  of  alfalfa,  and  placed  two  of  the 
young  plants  in  a  culture  jar,  which  contained  a  nutrient 
solution  free  from  combined  nitrogen.  The  peas  grew  regu- 
larly so  long  as  they  found  nourishment  in  the  cotyledons. 
Then  a  period  of  nitrogen  starvation  set  in,  after  which  the 
plants  recuperated  and  grew  to  maturity  with  the  production 
of  fruit.  The  period  of  vegetation  extended  from  April  2  to 
June  10.  At  the  latter  date  the  roots  contained  numerous 
tubercles.     The   stalks   and   roots   were   separated,    dried   at 
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110^  C.  and  weighed.  The  nitrogen  of  both  portions  was 
determined,  as  was  also  the  weight  and  nitrogen  of  two  seeds 
similar  to  those  used  in  the  culture  experiments.  The  fol- 
lowing table  gives  the  results: 


Dry  Matter, 
Grams. 

Nitrogen, 
Per  cent. 

Nitrogen, 
Total. 

Stalks 

Roots 

3-785 
I  .  165 

2-35 
2  .60 

0.089 
0.030 

Total 

4.95 
0 .  502 

3.60 

0 .  119 
0.018 

Seeds 

Gain 

4.448 

— 

0 .  lOI 

The  table  shows  that  the  plants  contained  ten  times  as 
much  organic  matter  and  six  and  six-tenths  times  as  much 
nitrogen  as  the  seeds  from  which  they  were  derived;  also 
that  the  percentage  of  nitrogen  of  the  roots  was  greater  than 
that  of  the  aerial  portion.  Now  when  it  is  considered  that, 
in  this  experiment,  there  was  no  nitrogen  compound  of  any 
kind  present,  except  the  infinitesimal  quantity  introduced 
by  puncturing  the  roots  with  the  needle,  and  that  in  two 
small  plants  there  was  a  gain  of  loi  milligrams  of  combined 
nitrogen,  the  claim  for  the  assimilation  of  free  nitrogen  must 
be  regarded  as  established. 

The  order  of  leguminous  plants,  therefore,  occupies  a 
unique  position  in  the  art  of  agriculture.  The  experimental 
evidence  herein  submitted  shows  conclusively  why  legu- 
minous crops  have  for  ages  been  recognized  as  being  of  special 
value  in  maintaining  soil  fertility,  and  the  discussion  of  this 
subject  points  to  the  fact  that,  in  many  walks  and  practices 
of  life,  empiricism  has  been  in  advance  of  science. 
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MODERN   TENDENCIES  IN   THE   UTILIZATION  OF 

POWER. 


It  has  been  stated  that  to  the  construction  and  perfection 
of  her  machinery,  more  than  to  any  other  cause,  may  be  as- 
cribed the  present  commercial  supremacy  of  the  United  States. 

Be  that  as  it  may,  the  economical  production  of  her  manu- 
factures and  the  convenient  adaptations  of  time  and  labor- 
saving  devices  in  all  the  various  lines  of  constructional  work 
have  certainly  exerted  a  wonderful  influence  in  the  upbuilding 
of  her  industries. 

Specialization  in  the  manufacture  of  machine  tools  and 
labor-saving  devices  has  followed  closely  the  segregation  of 
processes  in  other  lines  of  industry,  and  thus  there  has  been 
created  a  multitude  of  special  machines,  each  designed  to 
perform  some  single  and  often  very  simple  operation. 

Among  other  significant  features  the  present  tendency  in 
the  development  and  use  of  this  class  of  machinery  is  marked 
by  the  adaptation  of  compressed  air  and  the  application  of 
electric  power  to  machine  driving.  In  the  use  of  compressed 
air,  the  facility  of  adaptation  to  various  requirements  which 
are  in  many  cases  additional  to  the  supply  of  motive  power, 
is  a  valuable  feature  peculiar  to  this  system  and  one  which  is 
susceptible  of  extension  along  many  lines. 

The  labor  cost  in  most  machine  shops  and  other  works  is  so 
much  greater  than  the  cost  of  power  that  any  expedient  by 
wliich  the  labor  cost  may  be  appreciably  reduced  is  justified, 
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even  though  the  efficiency  of  the  agent  itself  be  low.  When- 
ever new  methods  or  agencies  cause  an  increased  production 
with  a  given  outlay  for  labor,  we  shall  find  these  methods 
superseding  the  old,  even  though  the  cost  of  the  power  re- 
quired be  greater  than  before.  The  saving  of  power  is  a  con- 
sideration secondary  to  the  advantages  and  economical  output 
obtained  by  its  use. 

While  economy  in  the  use  of  power  should  therefore  be 
secondary  to  increased  output,  yet  careful  attention  to  details 
will  often  greatly  reduce  the  useless  waste  of  power. 

Engineers  have  recognized  for  some  time  past  that  there 
is  a  very  great  percentage  of  loss  due  to  shaft  friction,  which, 
in  railroad  and  other  shops  where  the  buildings  are  more  or 
less  scattered,  may  be  as  great  as  75  per  cent,  of  the  total 
power  used.  In  two  cases  known  to  the  speaker  these  losses 
are  80  and  93  per  cent. ,  respectively.  In  the  ordinary  machine 
shop  this  loss  will  probably  average  from  40  to  50  per  cent. 
No  matter  how  well  a  long  line  of  shafting  niay  have  been 
erected,  it  soon  loses  its  alignment  and  the  power  necessary 
to  rotate  it  is  increased. 

In  machine  shops  with  a  line  of  main  shafting  running 
down  the  center  of  a  room,  connected  by  short  belts  with 
innumerable  counter-shafts  on  either  side,  often  by  more  than 
one  belt  and,  as  frequently  happens,  also  connected  to  one  or 
more  auxiliary  shafts  which  drive  other  counter-shafts,  we  can 
see  why  the  power  required  to  drive  this  shafting  should  be  so 
large.  There  is  no  doubt,  however,  that  a  large  percentage  of 
the  power  now  spent  in  overcoming  the  friction  of  shafting  in 
ordinary  practice  could  be  made  available  for  useful  work  if 
much  of  the  present  cumbrous  lines  of  shafting  were  removed. 

Manufacturers  are  realizing  the  loss  of  power  which  ensues 
from  the  present  system  of  transmission,  and  we  find  a  gen- 
eral tendency  to  introduce  different  methods  by  which  a  part 
of  this  loss  will  be  obviated.  Among  these  are  the  intro- 
duction of  hollow  and  lighter  shafting,  higher  speeds  and 
lighter  pulleys,  roller  bearings  in  shaft  hangers,  and  the  total 
or  partial  elimination  of  the  shafting. 

Independent  motors  are  often  employed  to  drive  sections 
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of  shafting  and  isolated  machines,  and  among  these  we  find 
steam  and  gas-engines,  electric  motors,  compressed  air  and 
hydraulic  motors,  although  the  latter  have  not  been  used  for 
this  purpose  to  any  appreciable  extent. 

In  the  choice  of  motors,  until  c^uite  recently  the  steam- 
engine  has  heretofore  been  used,  especially  where  the  units 
are  relatively  large.  An  interesting  example  of  this  is  noted 
in  the  sugar  refinery  of  Claus  Spreckels,  in  Philadelphia,  in 
which  there  are  some  go  Westinghouse  engines  about  the 
works,  many  of  them  being  of  75  and  100  horse-power  each; 
others  of  5  and  10  horse-power  only.  A  similar  subdi- 
vided power  plant  involving  42  engines  was  erected  several 
years  ago  at  the  print  works  of  the  Bunnell  Co.,  Pawtucket, 
R.  I. 

It  was  only  a  comparatively  few  years  ago  when  several 
large  and  economical  Corliss  engines  were  replaced  at  the 
Baldwin  Locomotive  Works  by  a  greater  number  of  small, 
simple  expansion  engines,  which  actually  required  about  15 
per  cent,  more  steam  per  horse-power  hour  than  the  Corliss 
engines.  This  loss,  however,  was  only  apparent,  for  by  in- 
creasing the  number  of  units  and  locating  them  at  convenient 
centers  of  distribution  much  of  the  shafting  and  belting  could 
be  dispensed  with  and  an  actual  saving  was  obtained.  Later, 
these  simple  engines  were  replaced  by  a  number  of  compounds, 
some  eighteen  being  in  service;  subsequent  tests  on  these 
showed  a  saving  of  36  per  cent,  over  that  obtained  by  the 
use  of  the  simple  engines. 

More  recently,  however,  the  electric  motor  has  superseded 
the  steam-engine  for  this  work,  as  its  economy  and  conven- 
ience over  the  latter  are  now  thoroughly  recognized. 

The  statistics  of  American  manufacturing,  compiled  by 
Mr.  T.  C.  Martin  for  the  United  States  Census  Office,  show 
that  at  the  time  of  the  last  census,  in  1900,  electric  power  was 
less  than  five  per  cent,  of  all  that  was  in  use  in  such  plants, 
or  about  500,000  horse-power  out  of  a  total  of  11,000,000; 
but,  as  Mr.  Martin  states,  things  are  to  be  judged  by  tenden- 
cies rather  than  by  the  status  quo,  and  these  electric  motor 
figures  exhibit  an  increase  of  1,900  per  cent,  during  the 
decade. 
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The  introduction  of  the  electric  motor  in  machine  shops 
and  factories  was  at  first  looked  upon  with  disfavor  and  was 
opposed  by  many  manufacturers,  but  the  innovation  obtained 
a  foothold,  and  advantages  which  were  at  first  unforeseen 
were  found  to  attend  its  use,  so  that  now  it  is  being  very 
generally  adopted  for  a  wide  variety  of  work. 

A  considerable  difference  of  opinion  exists  as  to  whether 
individual  motors  should  be  used  with  each  machine,  or 
whether  a  number  of  machines  should  be  arranged  in  a  group 
and  driven  from  a  short  line  shaft. 

There  are  well-defined  conditions  to  which  each  system 
is  best  adapted,  but  there  are  wide  limits  between  which 
there  appears  to  be  no  general  rule,  and  we  find  both  methods 
occupying  the  same  field. 

For  isolated  machines  and  for  heavy  machines  that  may 
be  in  occasional  use  the  individual  motor  is  particularly  well 
adapted,  as  it  consumes  power  only  when  in  operation.  It 
is,  however,  necessary  that  each  motor  thus  connected  shall 
be  capable  of  supplying  sufficient  power  to  operate  its  ma- 
chine under  the  heaviest  as  well  as  lightest  loads.  In  certain 
cases,  moreover,  the  load  is  liable  to  very  great  irregularity, 
as  for  instance  in  metal-working  planers,  in  which  the  resist- 
ance offered  by  the  machine  at  the  moment  of  reversal  of 
the  platen  is  far  higher  than  at  other  times,  and  may  be  so 
great  as  to  endanger  the  armature  of  the  motor.  Under 
these  conditions  it  is  necessary  to  use  a  motor  of  much  larger 
capacity  than  the  average  load  would  indicate. 

Fortunately  with  electric  motors  the  rated  capacity  is 
usually  less  than  the  safe  maximum  load,  which  is  determined 
either  by  the  heating  of  the  conductors,  tending  to  break 
down  the  insulation,  or  by  excessive  sparking  at  the  brushes. 
For  momentary  overloads  relatively  large  currents  may  pass 
through  the  coils  without  injury  to  the  insulation,  since  the 
temperature  effect  is  cumulative  and  requires  time  for  its 
operation.  However,  for  continuous  periods  of  considerable 
length  it  is  usually  unsafe  to  operate  the  motor  much  above 
its  rated  output. 

Ordinarily  in  machine  driving  the  motor  is  shunt-wound, 
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and  the  current  through  the  field  coils  is  constant  under  all 
conditions  of  load;  but  to  obtain  the  best  results  with  that 
class  of  machinery  in  which  the  load  is  intermittent  and 
subject  to  sudden  variations,  the  motor  should  be  compound- 
wound  so  as  to  increase  the  torque  without  an  excessive  in- 
crease of  current  in  the  armature. 

In  many  cases  with  individual  motors,  owing  to  wide  varia- 
tions in  power  required,  the  average  efficiency  of  the  motor 
may  be  very  low;  for  this  reason  a  careful  consideration  of 
the  conditions  governing  each  case  indicates  that  for  ordinary 
machine-driving,  especially  with  small  machines,  short 
lengths  of  light  shafting  may  be  frequently  employed  to 
good  advantage,  and  the  various  machines,  arranged  in 
groups,  may  be  driven  from  one  motor.  By  this  method 
fewer  motors  are  required,  and  each  may  be  so  proportioned 
to  the  average  load  that  it  may  run  most  of  the  time  at  its 
maximum  efficiency. 

When  short  lengths  of  shafting  are  employed  the  alignment 
of  any  section  is  very  little  affected  by  local  settling  of  beams 
or  columns,  and  since  a  relatively  small  amount  of  power 
is  transmitted  by  each  section,  the  shaft  may  be  reduced  in 
size,  thus  decreasing  the  friction  loss.  Moreover,  with  this 
arrangement,  as  also  with  the  independent  motor,  the  ma- 
chinery may  often  be  placed  to  better  advantage  in  order  to 
suit  a  given  process  of  manufacture;  shafts  may  be  placed 
at  any  angle  without  the  usual  complicated  and  often  un- 
satisfactory devices,  and  a  setting-up  room  may  be  provided 
in  any  suitable  location  as  required,  without  carrying  long 
lines  of  shafting  through  space.  This  is  an  important  con- 
sideration, for  not  only  is  the  running  expense  reduced  thereby 
but  the  clear  head-room  thus  obtained,  free  from  shafting, 
belts,  ropes,  pulleys,  and  other  transmitting  devices,  can  be 
more  easily  utilized  for  hoists  and  cranes,  which  have  so 
largely  come  to  be  recognized  as  essential  to  economical 
manufacture. 

In  arranging  such  a  system  of  power  distribution  the 
average  power  required  to  drive  is  of  as  much  importance 
as  the  maximum,  for  in  a  properly  arranged  group  system 
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the  motor  capacity  need  not  be  the  equivalent  of  the  total 
maximum  power  required  to  operate  the  several  machines 
in  the  group,  but  may  be  taken  at  some  value  less  than  the 
total,  depending  upon  the  number  of  the  machines  and  the 
average  period  of  operation.  On  the  other  hand,  as  already 
shown,  the  motor  capacity  of  independently  driven  machines 
must  not  only  equal  the  maximum  power  required  to  drive  the 
machine  at  full  load,  but  it  must  be  capable  of  exerting  a 
greatly  increased  momentary  torque.  In  any  case  large  units 
should  be  avoided,  for  the  multiplication  of  machines  driven 
from  one  motor  entails  additional  shafting,  counter-shafts  and 
belting  which  may  readily  cause  the  transmission  losses  to 
be  greater  than  those  obtained  with  engines  and  shafting 
alone,  besides  frustrating  some  of  the  principal  objects  of 
this  method  of  transmission. 

As  far  as  the  efficiency  of  transmission  is  concerned,  it  is 
doubtful  whether,  in  a  large  number  of  cases,  motor-driving 
per  se  is  any  more  efficient  than  well-arranged  engines  and 
shafting. 

As  already  pointed  out,  the  principal  thing  to  be  kept  in 
mind  is  a  desired  increase  in  efficiency  of  the  shop  plant  in 
turning  out  product,  with  a  reduction  in  the  time  and  labor 
items,  without  especial  reference  to  the  fuel  items  involved 
in  the  power  production. 

On  account  of  the  subdivision  of  power  which  results  from 
the  use  of  many  motors,  there  is  less  liabilit}^  of  interruption 
to  manufacture,  and  in  case  of  overtime  it  is  not  necessary 
to  operate  the  whole  works,  with  its  usual  heavy  load  of 
transmitting  machinery. 

Another  advantage  is  the  adaptability  to  changes  and 
extensions;  new  motors  may  always  be  added  without  affect- 
ing any  already  in  operation,  and  the  ease  with  which  this 
system  lends  itself  to  varying  the  speed  of  different  unit 
groups  is  a  very  potent  factor  in  its  favor. 

One  serious  obstacle  to  the  use  of  connected  motors  with 
machine  tools  is  the  difficulty  of  obtaining  speed  variation, 
which  is  so  necessary  with  a  large  proportion  of  the  machines 
in    common   use.     A    certain    amount    of    variation    can    be 
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obtained  by  rheostatic  control — a  wasteful  method;  or  by 
using  a  single  voltage  system  with  shunt  field  regulation; 
but  the  variation  in  either  case  is  very  limited.  This,  how- 
ever, may  be  increased  by  using  a  double  commutator  if 
space  will  permit. 

The  three-wire,  220-volt  system,  offers  many  advantages 
for  both  power  and  lighting  systems,  and  is  very  frequently 
employed.  Variations  of  speed  may  be  obtained  with  this 
system  by  using  a  combination  of  field  regulation  with  either 
voltage,  and,  in  rarer  cases,  the  use  of  a  double  commutator 
motor. 

A  method  which  has  been  used  recently  with  considerable 
satisfaction  involves  the  use  of  a  three-wire  generator,  with 
collector  rings  connected  to  armature  winding  similar  to 
that  of  a  two-phase  rotary  converter.  Balancing  coils  are 
used,  and  the  middle  points  of  these  are  connected  to  the 
third  wire,  which  is  thus  maintained  at  a  voltage  half  way 
between  the  outer  wires.  This  system  is  simple  and  eco- 
nomical, and  possesses  all  the  advantages  of  the  ordinary 
three-wire  method;  it  permits  similar  variations  in  speed 
by  field  regulation  with  either  voltage;  and  if  still  wider 
ranges  are  desired  a  double  commutator  motor  may  also  be 
used. 

In  other  recent  installations  the  four-wire  multiple  voltage 
system  is  used,  which  permits  of  very  wide  variations  of 
speed  in  the  operation  of  the  tool.  This  system  gives  excel- 
lent results  and  removes  one  of  the  objections  urged  against 
direct-connected  motor-driven  tools,  namely,  that  such  ma- 
chines are  not  sufficiently  flexible  in  regard  to  speed  variation, 
and  that  such  variation  can  only  be  obtained  by  throwing 
in  resistances  which  cut  down  the  efficiency  of  the  motor, 
or  by  varying  the  strength  of  field  which  reduces  the  torque. 

The  multiple  voltage  system,  however,  has  some  serious 
disadvantages.  It  cannot  usually  be  operated  from  an 
outside  source  of  power  without  rotary  transformers;  the 
generating  sets  and  switch-board  are  complicated,  and  the 
total  cost  of  installation  is  expensive;  yet  with  these  draw- 
backs the  system  is  growing  in  favor,  as  it  has  manifest 
advantages  which  outweigh  the  objections. 
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The  storage  battery  has  been  used  to  some  extent  to  obtain 
multiple  control  and  is  suggestive  of  interesting  possibilities, 
but  in  its  present  form  it  is  not  altogether  desirable  for  ma- 
chine tools. 

In  many  of  the  larger  sizes  of  certain  metal-cutting  ma- 
chines it  is  probable  that  marked  changes  will  be  produced 
in  the  immediate  future,  and  the  indications  are  that  direct- 
connected  motors  with  wide  variations  of  speed  and  power 
will  be  incorporated  in  the  new  designs. 

The  recent  improvements  in  the  manufacture  of  certain 
grades  of  tool  steel  have  shown  indisputably  that  the  present 
designs  of  machine  tools  are  not  sufficiently  heavy  to  stand 
up  to  the  work  in  order  to  obtain  the  economy  of  operation 
which  results  from  the  use  of  such  steels.  Higher  speeds,' 
heavier  cuts  and  greater  feeds  may  be  obtained  if  the  ma- 
chines will  stand  the  strain,  but  in  most  cases  the  capacity 
of  the  machine  is  not  commensurate  with  the  ability  of  the 
tool  to  remove  metal.  With  cutting  speeds  of  loo  to  200 
feet  per  minute,  it  is  evident  that  the  power  requirements 
will  be  much  greater  than  for  the  ordinary  machines  of  to- 
day, which  have  a  cutting  speed  of  from  10  to  30  feet  per 
minute.  As  an  illustration  of  what  can  be  done  with  these 
new  tool  steels  the  speaker  was  recently  shown  some  steel 
locomotive  driving-wheels  which  had  been  turned  up  in  two 
hours  and  forty  minutes,  whereas  the  regular  time  formerly 
required  was  not  less  than  eight  hours.  In  this  case  even 
better  results  could  have  been  obtained,  but  the  belts  would 
not  carry  the  load. 

Here  then  we  find  an  interesting  field  for  the  direct-con- 
nected motor  with  ample  power  and  speed  variation  for 
any  work  which  it  may  be  called  upon  to  perform. 

While  the  preference  is  easily  given  to  continuous-current 
motors  for  the  purposes  of  machine  driving,  yet  we  find 
alternating  current  motors  used  to  a  considerable  extent, 
the  proportion  of  motors  in  service  being  about  one  to  five 
in  favor  of  the  continuous  current  motor.  Both  synchronous 
and  induction  motors  are  employed,  but  the  advantages 
possessed  by  the  latter  cause  this  type  to  be  preferred,  although 
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in  long  distance  transmissions,  both  types  should  be  used  in 
order  to  obtain  satisfactory  regulation.  As  shown  by  Mr. 
H.  S.  Meyer,*  the  induction  motor  can  readily  be  worked  at 
variable  speeds,  which  is  accomplished  in  three  different 
ways:  (i)  by  rheostatic  control,  which  is  decidedly  the 
cheapest  and  easiest  method  to  manipulate;  (2)  by  varying 
the  impressed  voltage,  which,  however,  necessitates  the  use 
of  a  transformer  or  compensator  with  variable  ratio;  this  is 
very  inefficient  at  the  lower  speeds  and  can  only  be  used 
under  certain  conditions;  and  (3),  by  altering  the  number  of 
poles,  which  is  mechanically  very  complicated,  but  where 
the  speed  variation  is  only  one-half  or  one-quarter  it  may 
be  used  efficiently. 

One  serious  disadvantage  met  with  in  all  induction  motors 
is  the  lag  produced  by  self-induction,  and  its  reaction  on  the 
circuit.  This  lag  is  particularly  unsatisfactory  with  inter- 
mittent service,  such  as  machine  driving,  where  the  motors 
have  to  run  under  light  and  variable  loads;  in  such  cases  the 
power  factor  is  probably  not  over  60  or  70  per  cent. 

Reference  has  been  made  to  the  use  of  compressed  air  and 
its  facility  of  adaptation  to  various  requirements,  but  it  is 
evident  from  an  inspection  of  some  of  the  devices  in  use  that 
enthusiasm  for  new  methods,  rather  than  good  judgment, 
has  controlled  in  many  of  its  applications. 

For  some  years  compressed  air  was  used  only  in  mines, 
where  it  produced  marked  economies  in  underground  work. 
Later,  compressed  air  was  introduced  into  manufacturing 
lines,  and  to-day  its  use  in  railroad  and  other  machine  shops, 
boiler  shops,  foundries  and  bridge  works  is  being  widely 
extended.  In  the  Santa  Fe  railroad  shops  at  Topeka  there 
are  over  five  miles  of  pipe  in  which  compressed  air  is  carried 
to  the  different  machines  and  labor-saving  appliances  through- 
out the  works. 

In  such   shops   air  is  used  to  operate  riveting  machines, 

punches,  stay-bolt  breakers,  stay-bolt  cutters,  rotary  tapping 

and  drilling  machines,  flue  rollers,  rotary  grinders,  rotary  saw 

for  sawing  car  roofs,  pneumatic  hammers,  chisels  and  caulking 

*  London  Engineering.  April  ig,  1901. 
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tools,  flue  welders,  boring  and  valve-facing  machines,  rail 
saws,  machine  for  revolving  driving-wheels  for  setting  valves, 
pneumatic  painting  and  whitewashing  machines,  dusters 
for  car  seats  and  the  operation  of  switching  engines  about 
the  yard.  It  is  also  used  in  the  foundry  for  pressing  and 
ramming  molds,  and  for  cleaning  castings  by  the  sand  blast; 
but  its  greatest  field  of  usefulness  is  its  application  to  hoisting 
and  lifting  operations  in  and  about  the  works. 

New  applications  of  compressed  air  are  constantly  being 
made,  and  each  new  use  suggests  another.  This  has  a  ten- 
dency to  increase  the  number  of  appliances  which  are  intended 
to  be  labor-saving  devices,  but  in  many  cases  the  work  could 
be  done  just  as  well  and  much  more  cheaply  by  hand. 

A  case  in  point  is  seen  in  an  apparatus  which  was  at  one 
time  in  use  on  one  of  our  prominent  western  roads.  It  was 
a  sort  of  portable  crane  hoist  which  could  be  fastened  to  the 
smoke-stack  of  a  locomotive,  whereby  one  man  could  lift  off 
the  steam  chest  casing.  The  hoisting  apparatus  weighed 
about  twice  as  much  as  the  steam  chest  and  took  three  men 
to  put  it  up.  When  piece  work  was  adopted  two  men  easily 
lifted  off  the  steam  chest  and  this  "time  and  labor-saving 
device"  was  relegated  to  the  scrap  heap. 

While  compressed  air  has  been  used  to  some  extent  for 
inducing  draft  in  forge  fires,  it  is  unquestionably  a  very  ex- 
pensive method.  Tests  to  determine  this  show  that  it  costs 
twenty-five  times  as  much  to  produce  blast  in  that  way  as 
it  would  with  a  fan.* 

The  success  and  economy  which  has  attended  the  use  of 
compressed  air  in  so  many  lines  of  work  has  led  to  its  adoption 
in  fields  which  are  much  better  covered  by  electrically  ope- 
rated machines.  While  compressed  air  has  been  used  under 
certain  conditions  very  satisfactorily  to  operate  pumps  and 
engines,  printing  presses,  individual  motors  for  lathes,  planers, 
slotters,  dynamos  and  other  work,  it  does  not  follow  that  it 
is  always  an  economical  agent  under  these  various  uses,  or 
that  other  methods  could  not  be  used  even  more  satisfactorily 
in  the  majority  of  cases. 

*  Proc.   Western  Ry.   Club,   1S98. 
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It  has  been  proposed  to  use  individual  air  motors  in  ma- 
chine shops  and  do  away  with  all  line  shafting,  except  pos- 
sibly for  some  of  the  heavier  machinery.  This  use  of  com- 
pressed air  seems  entirely  outside  the  pale  of  its  legitimate 
field;  the  general  experience  thus  far  indicates  that  rotary 
motors  are  not  at  all  economical  and  generally  are  not  as 
satisfactory  as  electric  motors. 

Exceptions  are  to  be  found  in  the  small  portable  motors 
for  drilling  and  similar  operations,  to  which  electricity  is  not 
at  all  adapted  and  where  compressed  air  has  been  found  to 
give  excellent  results.  The  saving  obtained  by  the  use  of 
such  portable  drills  as  compared  with  a  ratchet  drill  is  very 
marked. 

Although  these  tools  are  very  successful  they  are  still 
rotary  motors,  not  exempt  from  some  of  the  objectionable 
features  which  seem  to  be  inseparable  from  them.  It  is  not 
surprising,  therefore,  to  find  a  tendency  to  employ  recipro- 
cating pistons  and  cranks  in  these  portable  machines,  and  we 
note  such  tools  weighing  only  forty  pounds  capable  of  drilling 
up  to  two  and  a  half  inches  diameter. 

While  the  field  is  to  some  extent  limited,  yet  the  uses  of 
compressed  air  are  certainly  not  few,  and  in  many  lines  of 
work  marked  economy  results  from  its  use. 

In  most  cases  no  attempt  has  been  made  to  use  the  air 
efficiently;  its  great  convenience  and  the  economy  produced 
by  its  displacement  of  hand  labor  have,  until  recently,  been 
accepted  as  sufficient,  and  greater  economies  have  not  been 
sought. 

In  the  matter  of  compression  we  still  occasionally  find 
very  inefficient  pumps  in  use,  but  manufacturers  generally 
have  found  that  it  pays  to  use  high-grade  economical  com- 
pressors. The  greatest  loss  is  that  in  the  air  motor  itself. 
In  a  large  number  of  cases  it  is  impracticable  or,  at  most, 
inconvenient  to  employ  reheaters,  and  we  find  very  generally 
that  the  air  is  used  at  normal  temperature  for  the  various 
purposes  to  which  it  is  applied. 

To  obtain  the  most  satisfactory  results  the  air  must  be 
used  expansively,  but  usually  where  the  demand  for  power 
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is  intermittent  no  attempt  has  been  made  to  reheat  the  air, 
and  as  a  result  the  combined  efficiency  of  compressor  and 
motor  is  quite  low,  varying  in  general  from  20  to  50  per  cent. 
While  low  working  pressures  are  more  efficient  than  high, 
the  use  of  such  pressures  would  demand  larger  and  heavier 
motors  and  other  apparatus  which  is  undesirable. 

The  advantages  of  higher  pressures  in  reducing  cost  of 
transmission  are  also  well  recognized,  and  the  present  ten- 
dency is  to  use  air  at  100  to  150  pounds  instead  of  the  60 
or  70  pounds  of  a  few  years  ago. 

By  reheating  the  air  to  a  temperatureo  f  about  300°  F.,  which 
may  often  be  accomplished  at  small  expense,  the  efficiency 
is  greatly  increased;  in  some  cases  this  has  been  shown  to  be 
as  high  as  80  per  cent.  While  the  lower  pressures  are  yet 
more  efficient,  the  loss  due  to  higher  compression  is  not 
serious. 

If  air  be  used  without  expansion  it  will  be  seen  that  there 
is  a  material  loss  in  efficiency;  but,  on  the  other  hand,  if  it 
be  used  expansively  without  reheating,  trouble  may  be  ex- 
perienced, due  to  the  drop  in  temperature  below  the  freezing 
point.  If  moisture  be  present  this  will  cause  the  formation  of 
ice,  which  may  clog  the  passages  if  proper  precautions  are 
not  taken  to  prevent  it.  The  low  temperature  will  not  in 
itself  cause  trouble;  if,  therefore,  the  moisture  which  the 
compressed  air  holds  in  suspension  be  allowed  to  settle  in  a 
receiving  tank,  placed  near  the  motor  or  other  air  apparatus 
and  frequently  drained,  less  trouble  will  be  experienced  from 
this  cause. 

While  it  may  be  impracticable  to  reheat  the  air  in  certain 
cases,  yet  there  are  many  situations  where  a  study  of  means 
to  overcome  the  losses  referred  to  would  result  in  marked 
economies. 

The  greater  adaptability  of  compressed  air  to  various 
purposes  causes  its  use  to  increase  along  with  that  of  the 
electric  motor,  for  it  has  a  different  field  of  usefulness,  inde- 
pendent of  power  transmission ;  at  the  same  time,  when  the 
requirements  are  properly  observed  in  its  production  and 
use,  its  economy  as  a  motive  power  in  special  cases  compares 
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favorably  with  other  systems.  With  a  better  knowledge  of 
the  principles  involved  we  may  expect  much  better  results 
than  have  yet  been  attained. 

But  compressed  air  possesses  so  many  advantages  that, 
however  inefficient  it  may  be  as  a  motive  power,  its  applica- 
tion to  shop  processes  will  be  continually  extended  as  its  use- 
fulness becomes  better  known. 

Mention  has  been  made  of  the  use  of  hydraulic  motors 
as  a  factor  in  the  subdivision  of  power,  but  these  are  being 
used  to  such  a  limited  extent  for  this  purpose  that  we  shall 
not  consider  them  at  the  present  time. 

There  is,  however,  a  growing  field  of  usefulness  for  hydrau- 
lic power  in  manufacturing  operations  which  is  peculiar  to 
this  agent  alone,  namely,  its  use  in  forging  and  similar  work. 
Where  hydraulic  power  exists  for  this  purpose  it  is  also  gene- 
rally used  for  a  variety  of  purposes  which  could  be  accom- 
plished just  as  well,  and  often  more  economically,  by  steam 
or  compressed  air;  but  in  forging  operations  where  heavy 
pressures  are  required  hydraulic  power  is  infinitely  better 
than  either. 

The  compressibility  of  air  is  an  objection  in  many  lines  of 
work,  and  it  is  now  well  recognized  that  the  effect  of  a  ham- 
mer blow  is  oftentimes  merely  local.  As  Mr.  H.  F.  J.  Porter 
has  so  ably  shown  elsewhere,*  the  pressure  applied  in  forging 
a  body  of  iron  or  steel  should  be  sufficient  in  amount  and  of 
such  a  character  as  to  penetrate  to  the  center  and  cause 
flowing  throughout  the  mass;  as  this  flowing  of  the  metal 
requires  a  certain  amount  of  time  the  pressure  should  be 
maintained  for  a  corresponding  period. 

Hydraulic  pressure,  instead  of  a  hammer,  should,  there- 
fore, be  used  to  work  it  into  shape.  Under  its  action  the 
forging  is  slowly  acted  upon  and  the  pressure  is  distributed 
evenly  throughout  the  mass,  whereas  under  the  high  velocity 
of  impact  of  the  hammer  the  metal  does  not  have  time  to 
flow,  and  thus  internal  strains  are  set  up  in  the  mass,  which 
may  cause  serious  results,  especially  with  certain  steels 
which  have  not  the  property  of  welding. 

*  Trans.  A.  S.  M.  E.,  Vol.  XVII. 
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Besides  the  fundamental  defects  incident  to  the  method, 
it  is  very  troublesome  to  use  a  hammer  in  certain  lines  of 
work,  on  account  of  mechanical  difficulties  of  manipulation. 

The  quality  of  the  steel  is  very  much  improved  by  the 
processes  of  hydraulic  forging,  and  we  find  a  marked  tendency 
to  substitute  this  method  in  a  wide  variety  of  work  in  which 
presses  are  employed  varying  in  capacity  from  20  tons  to 
14,000  tons. 

We  are  all  familiar  with  the  fact  that  the  magnificent  125- 
ton  hammer  made  by  the  Bethlehem  Steel  Co.  lies  idle,  while 
the  work  for  which  it  was  intended  is  done  by  a  14,000-ton 
hydraulic  press  operated  by  an  engine  of  15,000  horse-power; 
it  may  not  be  so  generally  known,  however,  that  all  forgings 
except  small  pieces  are  done  on  hydraulic  presses,  and  that 
the  largest  hammer  in  actual  operation  is  one  of  6  tons  capa- 
city in  the  blacksmith  shop. 

The  pressure  used  in  these  works  is  7,000  pounds  per 
square  inch,  but  the  present  tendency  indicates  the  use  of 
a  so-called  low-pressure  transmission  service  under  a  pressure 
of  400  or  500  pounds,  with  an  intensifier  at  the  press  which 
raises  the  pressure  to  2,500,  5,000,  7,000  pounds,  or  whatever 
may  be  required. 

In  this  case  the  lifting  and  lowering  of  the  ram  of  the  press 
is  effected  by  low-pressure  water,  so  that  the  cylinder  always 
remains  filled,  and  the  high  pressure  is  only  brought  to  bear 
the  moment  the  dies  come  in  contact  with  the  pieces  to  be 
forged.  The  intensifier  is  built  in  multiple,  which  permits  of 
a  variable  force  to  suit  the  work  to  be  done;  its  action  and 
control  are  extremely  simple,  and  results  are  produced 
which  show  a  marked  increase  in  speed  and  a  decided  econ- 
omy in  operation.  Some  of  the  recent  German  hydraulic 
forging  machines  equipped  with  intensifier  operate  at  a 
speed  of  forty  to  seventy  strokes  per  minute  on  finishing, 
and  twenty  to  thirty  strokes  per  minute  for  the  heaviest 
work. 

The  success  which  has  attended  the  use  of  hydraulic  power 
in  forging  is  causing  it  to  be  applied  to  other  and  similar 
work  to  an  increasing  extent.     In  boiler  works,  railroad  and 
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locomotive  shops,  bridge  works  and  shipyards  it  is  used 
along  with  compressed  air,  but  where  heavy  pressures  are 
desired  hydraulic  power  is  greatly  to  be  preferred;  hence 
we  find  it  operating  machines  for  punching  and  shearing 
heavy  plates  and  sectional  beams,  riveting  machines,  sta- 
tionary and  portable,  flanging  and  bending  machines,  tube 
upsetting  machines,  wheel  and  crank-pin  presses,  lifting 
jacks  and  hoists  of  all  kinds. 

For  heavy  boiler  work  hydraulic  riveting  seems  especially 
well  adapted,  as  an  intensity  of  pressure  can  be  brought 
to  bear  upon  the  plates  which  is  obtained  by  no  other  method. 

We  have  already  stated  that  compressed  air  as  now  used 
without  reheating  is  not  at  all  efficient  as  a  source  of  motive 
power,  since  the  combined  efficiency  of  compressor  and 
motor,  even  under  favorable  conditions,  is  not  more  than 
50  per  cent,  of  the  available  energy  put  into  the  compressor. 
In  other  cases  the  efficiency  is  as  low  as  20  per  cent. 

In  the  transmission  of  air,  within  reasonable  limits,  the 
loss  in  transmission  if  the  pipes  be  tight  need  not  be  con- 
sidered, for  although  there  is  a  slight  loss  in  pressure  due  to 
the  frictional  resistances  of  the  pipes,  yet  there  is  a  correspond- 
ing increase  in  volume  due  to  drop  in  pressure,  so  that  the 
loss  is  practically  inappreciable. 

There  should  be  no  comparison  between  the  cost  of  power 
by  compressed  air  and  its  brilliant  rival,  electricity,  since 
each  has  its  own  field  of  usefulness,  yet  it  may  be  interesting 
to  note  for  our  present  purposes  the  efficiency  of  electric 
power.  A  modern  shop  generator  belted  from  an  engine  will 
have  an  efficiency  of  about  90  per  cent,  when  working  under 
favorable  conditions,  but  as  the  average  load  is  ordinarily 
not  more  than  two-thirds  full  load,  and  often  much  less,  the 
efficiency  will  not  usually  be  more  than  85  per  cent.  Since 
the  engine  friction  was  added  to  the  losses  in  compression, 
so  also  it  should  be  considered  here,  in  which  case  the  efficiency 
of  generation  will  lie  between  75  and  80  per  cent.  With  a 
three-wire  220-volt  system,  which  is  very  suitable  for  ordinary 
shop  transmission  when  both  light  and  power  are  to  be  taken 
off  the  same  dvnamo,  the  loss  in  transmission  need  not  be 
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more  than  5  per  cent.,  so  that  the  efficiency  at  the  motor 
terminals  will  not  be  far  from  75  per  cent.  With  motors 
running  under  nearly  constant  full  load  the  efficiency  of 
motor  may  be  90  per  cent. ;  but  with  fluctuating  loads  this 
may  fall  to  60  per  cent,  at  quarter  load.  In  numerous  tests 
made  by  the  speaker  the  average  load  on  several  motors 
in  machine  shops  has  been  only  about  one-third  of  the  rated 
capacity  of  the  motor.  It  is  interesting  to  note  that  in  tests 
made  at  the  Baldwin  Locomotive  Works  it  was  found  that 
with  a  total  motor  capacity  aggregating  200  horse-power, 
a  generator  of  only  75  kilowatts  was  sufficient  to  furnish  the 
current,  and  ordinarily  only  60  kilowatts,  or  40  per  cent., 
was  required.  At  the  present  time  there  are  in  use  at  these 
works  upwards  of  300  motors,  with  a  combined  total  capacity 
of  2,200  or  2,300  horse-power;  whereas  the  generator  output 
is  only  about  500  kilowatts. 

Under  those  conditions,  where  the  driven  machines  are 
not  greatly  over-motored,  we  may  assume  a  motor  efficiencv 
of  80  per  cent.,  which  may  be  less  or  greater  in  individual 
cases.  The  combined  efficiency,  then,  of  generator  and 
motor  working  intermittently  with  fluctuating  loads  will  be 
about  60  per  cent,  of  the  power  delivered  to  the  engine. 

For  greater  distances  than  those  which  obtain  in  plants 
of  this  character  the  loss  in  transmission  will  be  greater,  and 
higher  voltage  must  be  employed  in  order  to  keep  down  the 
line  loss.  While  it  is  possible  to  put  in  conductors  sufficiently 
large  to  carry  the  current  with  any  assumed  loss,  yet  the  cost 
of  the  line  becomes  prohibitive  with  low  voltage. 

Where  cheap  fuel  is  available  it  is  found  in  most  cases 
that  electric  power  can  be  generated  at  the  works  more 
cheaply  than  it  can  be  purchased  from  a  central  station; 
especially  is  this  the  case  if  the  exhaust  steam  be  used  for 
heating  purposes.  In  isolated  plants  the  cost  of  transmission 
is  very  small  as  compared  with  the  total  cost  of  generation; 
whereas  in  the  average  central  station  the  cost  of  transmission, 
which  includes  interest  and  depreciation  on  pole  line,  usually 
constitutes  a  large  percentage  of  the  operating  cost. 

In  those  localities  where  the  cost  of  fuel  is  high,  electric 
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power  can  often  be  purchased  more  cheaply  from  a  central 
station  which  obtains  its  power  many  miles  distant  and 
transmits  it  electrically  to  a  convenient  distributing  center, 
where  it  is  used  for  power  and  light. 

The  recent  development  in  electrical  transmission  is  very 
marked,  and  one  constantly  hears  of  some  new  achievement 
more  wonderful  than  anything  previously  accomplished . 
Distances  have  been  gradually  increased  until  it  is  now 
possible  to  transmit  electrical  energy  economically  and  in 
commercial  quantities   up  to  150  and  even  200  miles. 

There  has  been  a  steadily  increasing  tendency  to  raise  the 
line  voltage  in  such  transmissions,  and  to-day  we  find  in 
successful  operation  voltages  as  high  as  40,000  and  even 
60,000  as  compared  with  the  4,000  and  6,000  volts  of  a  few 
years  ago. 

As  pointed  out  by  Mr.  A.  D.  Adams,*  so  far  as  present 
practice  is  concerned  the  limit  of  use  of  high  voltages  must 
be  sought  beyond  the  transformers  and  outside  of  generating 
and  receiving  stations.  As  now  constructed,  the  line  is  that 
part  of  the  system  where  a  final  limit  to  the  use  of  higher 
voltages  will  first  be  reached. 

In  order  to  avoid  the  temporary  arcing  and  leakage  between 
the  several  wires  it  is  necessary  to  place  the  wires  a  con- 
siderable distance  apart,  which,  with  higher  voltages,  may 
lead  to  a  modification  in  construction  of  pole  line.  The  plan 
of  substituting  a  series  of  steel  towers  about  90  feet  in  height 
and  1,000  feet  apart  is  being  seriously  contemplated. f 

In  this  case  it  is  proposed  to  suspend  the  wires  from  tower 
to  tower  and  separate  them  about  nine  feet  apart.  While 
expensive  in  first  cost,  it  is  thought  that  the  satisfactory 
working  of  the  system  and  freedom  from  breakdown,  with 
the  low  maintenance  and  depreciation  charges  involved, 
would  warrant  the  investment. 

A  more  serious  difficulty  is  found  in  the  insulator,  which 
is  generally  looked  upon  with  distrust  for  the  higher  voltages 

*Eng.  Mag.,  October,  1902. 

tGeo.  H.  Lukes  in  Trans.  Assn.  Edison  Illuminating  Companies, 
July,  1902. 
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in  use  to-day-  With  a  more  perfect  insulator  there  would 
appear  to  be  no  good  reason  why  the  present  maximum 
voltages  should  not  be  exceeded. 

The  possibility  of  electrical  transmission  thus  permits  of 
the  utilization  of  available  sources  of  power  at  great  distances 
from  the  center  of  distribution;  but  while  it  is  interesting 
to  know  that  a  certain  amount  of  power  may  be  transmitted 
a  given  distance  with  a  high  degree  of  efficiency,  it  is  more 
important  to  know  whether  the  same  amount  of  power  could 
be  obtained  at  the  objective  point  more  economically  by 
other  means. 

It  has  been  suggested  that  the  future  of  long-distance 
transmission  depends  largely  upon  the  development  of  oil 
as  a  fuel;  but  at  the  present  time  the  outlook  for  oil  fuel 
in  general  competition  with  coal  or  long-distance  transmission 
is  not  encouraging;  while  the  development  of  the  Texas  and 
Southern  California  oil  fields  has  increased  the  visible  supply 
and  brought  about  increased  activity  in  the  use  of  liquid 
fuel,  yet  it  is  doubtful  whether  the  advantages  would  be 
sufficient  to  cause  it  to  come  into  general  use  as  a  fuel,  since 
with  a  limited  production  and  an  increased  demand  for  this 
and  other  purposes  the  cost  would  be  correspondingly  in- 
creased. 

A  number  of  railroads  contiguous  to  the  oil-producing 
centers  have  equipped  their  locomotives  to  burn  this  fuel, 
and  it  is  used  to  some  extent  to  fire  marine  boilers,  and  with 
great  satisfaction;  since  its  displacement  for  a  given  heat- 
ing value  is  only  about  one-half  that  of  coal,  and  the  labor 
cost  is  materially  reduced. 

It  is  also  used  quite  extensively  in  certain  sections  of  the 
country  as  a  steam  producer  in  power  plants,  but  it  is  hardly 
probable  that  liquid  fuel  will  be  a  serious  competitor  of  coal, 
notwithstanding  its  many  advantages.  At  the  present  time, 
as  far  as  power  for  manufacturing  plants  is  concerned,  it  is 
largely  a  question  of  transportation,  whether  oil  can  be  laid 
down  and  handled  at  a  given  point  more  cheaply  than  coal. 
It  is  probable,  however,  that  oil  fuel  will  supply  a  local  de- 
mand in  certain  sections  where  transportation  charges,  and 
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possibly  insurance,  will  permit  its  use  at  a  low  cost,  and  it  is 
in  this  connection  that  it  may  become  a  competitor  of  elec- 
trical transmission. 

One  interesting  phase  of  the  power  problem  which  forcibly 
presents  itself  to  the  engineer  at  the  present  time  is  the  vast 
possibilities  possessed  by  the  modern  combustion  engine, 
which  includes  the  various  types  of  gas-  and  oil-engines. 
While  its  use  as  a  motor  in  industrial  establishments  has 
been  somewhat  limited,  yet  there  is  a  marked  tendency  to 
employ  the  gas-engine  in  manufacturing  works,  and  a  con- 
sideration of  its  advantages  and  cost  of  operation,  together 
with  its  high  thermal  efficiency  and  possibility  of  still  further 
improvement,  indicates  that,  for  a  great  many  purposes, 
both  steam-engines  and  electric  motors  may  be  ultimately 
replaced  by  gas-engines. 

While  the  first  cost  of  electric  motors  in  the  smaller  sizes 
is  considerably  less  than  the  cost  of  well-made  gas-engines 
for  similar  capacities,  the  saving  during  the  first  six  months  of 
service,  due  to  the  more  economical  operation  of  the  gas- 
engine,  will  often  more  than  compensate  for  the  difference 
in  first  cost. 

That  the  gas-engine  in  both  large  and  small  sizes  has 
reached  a  point  in  its  development  where  it  can  fairly  rival 
the  steam-engine  in  reliability  and  satisfactory  running 
qualities  there  can  be  no  question.  In  point  of  fuel  economy, 
a  gas-engine  of  moderate  size  is  on  a  parity  with  the  largest 
triple-expansion  steam-engines,  and  will  give  a  horse-power 
on  less  than  one  pound  of  fuel. 

The  high  price  of  gas  in  this  country  has  contributed 
largely  to  those  causes  which  have  prevented  a  more  com- 
mon use  of  the  gas-engine  as  a  motor.  For  this  reason  the 
gas-engine  has  generally  been  used,  not  so  much  because  of 
its  high  efificiency  as  a  thermodynamic  machine,  but  rather 
on  account  of  its  convenience  and  saving  in  labor.  It  is 
true  that  natural  gas  is  cheap,  but  it  is  equally  true  that 
natural  gas  is  not  generally  available. 

It  is  to  producer  gas  that  we  must  look  for  any  marked 
increase  in  the  use  of  the  gas-engine.     Fortunately  the  manu- 
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facture  of  producer  gas  has  reached  a  high  state  of  develop- 
ment, and  there  are  now  in  successful  use  several  processes 
by  which  power  gas  can  be  made  from  cheap  bituminous 
coals  as  well  as  anthracite  and  coke.  The  leanness  of  such 
gases  renders  them  less  effective  per  cubic  foot  of  gas,  as 
compared  with  the  richer  coal  gas  or  even  water  gas;  but 
this  difference  is  more  than  compensated  for  by  the  low  cost 
of  production.  It  is  upon  such  power  gas  that  the  commer- 
cial future  of  the  gas-engine  as  a  general  motor  depends. 

A  prominent  factor  in  gas-engine  practice  Vv^hich  has 
attained  a  high  degree  of  development  in  European  practice 
is  the  small  gas  producer.  These  generators  are  very  simple 
in  operation  and  furnish  a  convenient  and  economical  means 
of  obtaining  power  at  a  much  lower  rate  than  with  the  ordi- 
nary city  lighting  gas.  Generally  small  anthracite  coal  or 
coke  is  used,  but  several  methods  employ  bituminous  coal, 
lignites  or  wood.  With  bituminous  coal,  means  must  be 
provided  for  removing  the  tar  and  ammonia  and  other  prod- 
ucts of  distillation. 

The  process  of  generation  in  some  of  the  more  recent 
producers  is  entirely  automatic  and  depends  upon  the  de- 
mand of  the  engine,  so  that  no  storage  capacity  is  required. 
The  economy  of  these  small  producers  is  shown  by  tests 
which  give  one  horse-power  on  a  sixteen  horse-power  engine 
with  a  consumption  of  only  i.i  pound  of  fuel.  For  engines 
above  forty  horse-power  one  horse-power  can  be  obtained  on 
seven-eighths  pound  of  fuel. 

The  gas-engine  industry  received  a  signal  impetus  when 
it  was  discovered  that  blast  furnace  gases  could  be  readily 
utilized  direct  in  combustion  engines  without  the  interven- 
tion of  boilers  and  without  any  special  purifying  processes. 
A  still  more  important  circumstance  which  is  far-reaching 
in  its  results  is  the  fact  shown  by  Professor  Hubert,  of  the 
Liege  School  of  Mines,  that  the  superior  economy  of  the 
gas-engine  enables  equal  power  to  be  obtained  with  20  per 
cent,  less  consumption  of  furnace  gas  than  was  formerlv 
used  in  the  generation  of  steam. 

The   successful   employment   of  large   combustion   engines 
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in  this  way  utilizes  vast  sources  of  power  which  a  few  years 
ago  were  allowed  to  go  to  waste  or  at  most  were  used  very 
inefhciently. 

The  high  thermal  efficiency  of  the  gas-engine  has  long 
been  recognized  and  the  possibility  of  further  development 
is  a  promising  factor  in  this  field.  The  already  accom- 
plished efficiency  of  38  per  cent,  reported  by  Professor  Meyer, 
of  Gottingen,  greatly  exceeds  the  maximum  theoretical 
efficiency  of  the  steam-engine  and  more  than  doubles  its  actual 
best  obtainable  working  efficiency,  but  the  end  is  not  yet. 

With  higher  compression  even  greater  efficiencies  may 
be  expected.  But  with  high  compression  there  is  danger 
of  premature  explosion,  due  to  the  generation  of  heat  in 
compressing  the  gas  in  the  presence  of  oxygen;  for  this 
reason  Herr  Diesel  compresses  the  air  separately.  Under 
a  pressure  of  five  hundred  pounds  or  more,  which  is  used  in 
the  Diesel  motors,  the  air  becomes  very  hot  and  readily 
ignites  a  charge  of  liquid  fuel  which  is  injected  into  the  com- 
pression chamber.  There  is  no  explosion ;  combustion  occurs 
while  expansion  goes  on,  and  the  heat  generated  disappears 
in  the  form  of  work. 

Efficiencies  of  30  per  cent,  or  more  have  been  obtained 
with  blast  furnace  gases  which  contain  a  very  small  per- 
centage of  hydrogen,  and  this  with  the  high  rates  of  com- 
pression which  can  be  carried  has  led  to  the  advocacy  of 
non-hydrogenous  mixtures  in  large  engines.  Certainly  very 
high  rates  of  compression  may  be  had  with  a  non-hydroge- 
nous producer  gas  without  fear  of  premature  ignition, 
and  it  has  the  additional  advantage  of  economical  pro- 
duction. 

The  practice  of  making  the  cylinder  in  combustion  engines 
act  alternately,  first  as  air  compressor  then  as  motor,  has 
the  advantage  of  greater  simplicity,  but  it  means  immensely 
larger  engines  for  the  same  power,  since  the  number  of  eflfec- 
tive  impulses  is  thus  cut  in  two. 

The  danger  of  j3re-ignition  and  consequent  severe  shock 
on  the  engine  also  necessitates  very  heavy  construction  in 
the  smaller  engines  in  order  to  obtain  a  reasonable  degree 
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of  safety  in  operation.  Moreover,  the  smoothness  of  action 
is  greatly  retarded  with  this  form  of  engine,  especially  if  the 
governing  is  controlled  by  the  "hit-and-miss"  method,  in 
which  the  regulation  is  effected  by  varying  the  frequency 
of  the  explosions,  thus  causing  great  variations  in  the  driving 
torque. 

Various  expedients  have  been  employed  to  overcome 
these  defects,  such  as  the  use  of  multi-cylinders  and  different 
methods  of  control,  but  the  size  and  cost  of  engine  have 
been  increased  rather  than  decreased.  Notwithstanding 
these  well-recognized  defects  in  the  four-cycle  type  of  engine, 
it  constitutes  by  far  the  largest  class  in  use  to-day  of  what 
may  be  called  successful  gas-engines. 

More  recently  very  satisfactory  results  have  been  obtained 
in  the  construction  of  two-cycle  engines.  In  some  of  these 
we  find  separate  pumps  emplo^^ed  to  compress  the  charge 
of  gas  and  air,  which  ignites  and  burns  as  it  enters  the  cyl- 
inder. Higher  compression  is  thus  obtained  without  fear 
of  pre-ignition,  and  this  permits  smaller  clearance  spaces 
with  attendant  advantages. 

If  the  engine  is  single-acting,  an  impulse  is  obtained  every 
revolution,  which  thus  insures  better  speed  regulation,  as 
well  as  double  the  power  for  a  given  sized  cylinder. 

The  highest  thermal  efficiency  yet  attained,  namely,  38 
per  cent.,  has  been  secured  with  a  two-cycle  type  of  engine, 
whicli  compresses  the  air  and  gas  in  separate  pumps  to  a 
nominal  pressure  of  eight  or  ten  pounds ;  the  air  under  this 
pressure  being  used  to  scavenge  the  cylinder  toward  the  end 
of  expansion.  After  the  unconsumed  products  of  combustion 
have  been  forced  out  by  the  fresh  air,  the  cylinder  walls 
having  been  cooled  thereby,  a  charge  of  gas  is  admitted 
and  compressed  to  a  pressure  of  150  to  175  pounds  per  square 
inch  and  then  exploded,  as  in  the  usual  method.  This  engine 
is  double  acting  and  receives  a  charge  each  side  of  the  piston ; 
thus  two  impulses  are  received  each  revolution,  in  a  manner 
precisely  similar  to  that  of  a  steam-engine. 

Whether  these  engines  will  be  as  satisfactory  for  small 
motors  remains  to  be  seen.     It  is  possible  that  the  greater 
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complication  of  details  in  the  two-cycle  types,  as  compared 
with  the  simpler  four-cycle  engine,  will  cause  the  latter  to 
continue  to  give  the  greater  satisfaction,  at  least  for  the 
smaller  sizes. 

At  the  last  meeting  of  the  British  Association,  Mr.  H.  A. 
Humphrey  gave  some  interesting  data  concerning  recent 
gas-engines,  and  the  record  is  both  remarkable  and  significant. 
The  limiting  size  has  rapidly  grown  during  the  past  two  years, 
as  shown  by  the  fact  that  one  manufacturer  is  now  construct- 
ing a  gas-engine  of  2,500  horse-power  and  is  prepared  to  build 
up  to  5,000  horse-power. 

The  development  of  the  large  gas-engine  is  closely  con- 
nected with  the  evolution  of  the  fuel  gas  processes,  and  it 
is  noteworthy  that  the  first  gas-engines  in  England  above 
400  horse-power  were  operated  with  producer  gas,  while 
many  of  the  large  gas-engines  in  Europe  have  been  built 
for  use  with  blast  furnace  gas. 

In  August  of  this  year  (1902)  two  leading  English  manu- 
facturers had  delivered  or  had  under  construction  over  fifty 
gas-engines  varying  in  size  between  200  and  1,000  horse- 
power; but  we  have  to  look  across  the  channel  for  still  greater 
achievements  in  this  direction. 

Neglecting  all  engines  below  200  horse-power,  we  note  that 
a  classified  list  of  gas-engines  in  use  or  under  construction 
shows  the  remarkable  total  of  327  gas-engines  capable  of 
supplying  182,000  horse-power.  This  gives  an  average  of 
about  560  horse-power  per  engine. 

As  compared  with  this  we  find  from  the  last  U.  S.  Census 
Report  that,  during  the  census  year  1899,  there  were  con- 
structed in  the  United  States  18,500  combustion  engines 
having  a  total  capacity  of  165,000  horse-power,  or  only  about 
9  horse-power  per  engine. 

Although  this  country  has  lagged  somewhat  behind  Europe 
in  adopting  large  gas-engines,  there  is  evidence  that  this  state 
of  affairs  will  not  exist  very  long,  for  a  number  of  enterprising 
firms  are  already  in  the  field  prepared  to  build  gas-engines 
u])  to  any  required  size.  One  firm  has  already  sold  over 
40,000   horse-power  of  large   engines,   most   of  them    2,000 
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horse-power  and  several  of  1,000  horse-power.  Another 
firm  has  recently  built  two  4,000  horse-power  gas  compressors 
and  also  a  number  of  1,000  horse-power  gas-engines. 

The  use  to  which  these  large  engines  are  put  is  about 
equally  divided  between  the  operation  of  blowing  engines  for 
blast  furnaces  and  the  driving  of  dynamos  for  general  power 
distribution;  the  tabulated  list  compiled  by  Mr.  Humphrey 
for  engines  of  more  than  200  horse-power  shows  99,000 
horse-power  for  driving  dynamos  for  light  and  power  and 
83,000  horse-power  for  other  purposes. 

While  the  gas-engine  in  the  larger  sizes  is  thus  used  ex- 
tensively for  the  generation  of  electric  light  and  power,  a 
growing  tendency  is  observed  to  use  the  gas-engines  direct 
as  motors. 

A  number  of  railroad  and  other  machine  shops  have  been 
equipped  with  moderate  sized  gas-engines  suitably  located 
about  the  works,  and  in  addition,  thousands  of  horse-power 
are  used  in  the  smaller  sizes  for  a  wide  variety  of  purposes, 
including  village  water-works,  isolated  lighting  stations,  and 
manufacturing  plants  of  all  kinds. 

With  the  possibilities  of  high  thermal  efficiencies  we  may 
look  with  much  hope  upon  the  still  higher  development  of 
cheap  fuel  gas  processes  that  will  bring  the  gas  engine  into 
very  general  succession  to  the  electric  motor  for  many  pur- 
poses, for  it  will  doubtless  be  found  that  gas  transmitted  from 
a  central  gas-making  plant  at  a  manufacturing  works  into 
engines  located  at  points  of  use  will  effect  a  material  saving 
in  the  utilization  of  power  over  any  existing  methods. 

It  is  not  to  be  presumed  that  the  gas-engine  will  displace 
either  the  electric  motor  or  the  steam-engine;  each  has  its 
legitimate  sphere  of  usefulness,  and  each  will  be  more  highly 
developed  as  the  result  of  direct  competition.  Yet  the  econ- 
omies already  obtained  indicate  that  the  field  of  the  gas- 
engine  will  be  extended  more  and  more  into  that  of  the  steam- 
engine  and  the  electric  motor. 

Many  of  the  questions  involved  in  this  consideration  are 
at  the  present  time  in  a  transitional  stage.  The  recipro- 
cating steam-engine  has  reached  a  high  state  of  development. 
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but  it  is  not  probable  that  it  has  attained  its  highest  degree 
of  perfection.  While  an  economy  less  than  9^  pounds  of  steam 
per  horse-power  hour  has  been  obtained,  even  better  results 
may  be  anticipated;  the  use  of  high  pressure  superheated 
steam  in  compound,  jacketed  engines  involves  more  perfect 
lubrication,  and  this  may  demand  modification  in  existing 
valve  types;  however  this  may  be,  the  outlook  is  promising 
for  still  higher  efficiency;  whether  this  will  mean  cheaper 
power  than  can  be  obtained  in  other  ways  will  depend  upon 
many  conditions. 

In  any  case,  and  especially  with  intermittent  or  variable 
loads,  it  is  not  so  much  a  question  of  maximum  efficiency 
as  it  is  economy  of  operation. 

From  this  point  of  view  the  present  activity  in  the  con- 
struction and  development  of  the  steam-turbine  is  of  interest 
to  engineers  and  power  users.  The  steam  consumption  of  a 
modern  steam-turbine  of  moderate  size  compares  very  favor- 
ably with  that  of  the  better  class  of  large  reciprocating  en- 
gines, but  what  is  of  greater  importance  is  the  evident  superior 
steam  economy  under  variable  loads.  The  steam  consump- 
tion per  horse-power  hour  varies  little  from  one-third  to 
full  load;  at  over-loads  the  economy,  as  shown  by  numerous 
tests,  may  be  even  better. 

This  feature  predestines  the  steam-turbine  to  the  special 
field  of  electric  lighting  and  power  generation,  where  it  must 
inevitably  become  a  formidable  rival  of  the  larger-sized, 
slow-speed  reciprocating  steam-engine. 

It  is  a  significant  fact  that  immediately  following  upon 
the  installation  of  the  large  8,000-horse-power  compound 
steam-engines  at  the  central  station  of  the  Manhattan  Ele- 
vated Railway,  New  York,  we  find  three  5,000-horse-power 
steam  turbines  under  construction  for  the  Rapid  Transit 
Company,  of  New  York. 

The  high  rotative  speed  of  the  steam-turbine  is  a  prominent 
factor  in  favor  of  its  adoption  in  connection  with  electrical 
generators,  since  the  cost  of  the  generator  end  of  the  equip- 
ment ought  eventually  to  be  very  materially  reduced;  but 
for  many  lines  of  work  the  high  rotative  speed  of  the  present 
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types  of  steam-turbine  is  prohibitive,  nor  can  it  be  adapted 
successfully  to  belt  driving,  except  by  the  use  of  gearing. 
However,  it  is  fair  to  presume  that  the  present  limitations 
of  the  steam-turbine  are  not  insuperable,  and  that  the  atten- 
tion which  is  now  being  given  to  its  development  will  evolve 
a  more  universal  type  of  motor  adapted  to  general  power 
purposes  with  large  and  small  units  alike. 

The  economies  already  obtained  with  both  the  steam- 
turbine  and  the  gas-engine  have  brought  each  into  a  promi- 
nence which  is  at  least  suggestive  of  the  important  develop- 
ments that  are  taking  place  in  methods  of  obtaining  and 
using  power. 
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THE  PERPLEXITIES  OF  A  SYSTEM  ATI  ST. 

A  former  Chairman  of  this  vSection  gave  utterance  in  his 
retiring  address  to  the  following  frank  expression  of  senti- 
ment: "So  welcome  to  the  old-fashioned  systematist,  though 
his  day  be  short,  and  may  he  treat  established  genera  gently!" 

If  this  cheerful  prognostication  is  to  be  realized,  the  per- 
plexities of  the  systematist  are  of  short  duration  at  best,  or 
worst,  and  it  were  better  for  us,  in  view  of  our  impending 
doom,  to  come  before  you  to-day  with  the  historic  "Morituri 
te  salutamus,"  and  then  kindly  but  firmly  retire  to  the  oblivion 
so  imminently  before  us. 

But  on  second  thought  we  find  ourselves  not  at  all  in  the 
mood  to  fulfil  the  expectations  of  the  genial  oracle  referred 
to,  and,  indeed,  very  much  alive  and  willing  to  continue  in 
the  struggle  for  existence,  although  an  even  worse  fate  than 
death  is  offered  as  an  alternative  when  the  same  prophet 
predicts  that  "the  future  systematic  work  will  look  less  like 
a  dictionary  and  more  like  a  table  of  logarithms."  Of  course 
there  is  no  gainsaying  the  fact  that  those  who  prefer  logarithms 
will  have  them,  but  I  will  also  predict  that  the  number  who 
will  choose  the  lesser  evil  of  the  dictionary  will  remain  for 
an  indefinite  length  of  time  very  much  in  the  majority,  even 
if  this  choice  dooms  them  to  the  outer  darkness  where  the 
"old-fashioned  systematists"  are  to  be  relegated  by  the 
logarithm  proposers. 

However  this  may  be,  certain  it  is  that  there  will  always 
be  need  for  the  men  who  perform  the  hard  and  often  thank- 
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less  task  of  the  systematist,  and  those  of  us  who  are  still 
pushing  forward  in  spite  of  the  almost  overwhelming  per- 
plexities of  the  work,  to  say  nothing  of  the  frankly  expressed 
contempt  of  the  men  in  whose  service  we  toil,  are  by  no 
means  called  upon  to  sing  our  "Nunc  dimitis."  It  has  oc- 
curred to  me  that  it  would  be  profitable  for  us  to  consider 
on  this  occasion  the  position  in  which  we  stand,  make  con- 
fession of  our  sins,  which  are  many,  state  as  clearly  as  possi- 
ble the  embarrassments  which  at  times  nearly  overcome 
us,  and  attempt  at  least  to  point  out  some  of  the  means  by 
which  we  can  better  our  position  and  our  work. 

As  to  our  position  before  the  general  public,  it  must  be 
confessed  that  the  general  public  cares  for  us  not  at  all.  Of 
all  departments  of  biological  science,  none  offers  so  little 
that  is  attractive  to  the  average  man  as  that  which  has  to  do 
with  classification  and  the  host  of  outlandish  names  that  the 
systematist  delights,  in  popular  opinion,  to  inflict  upon  the 
literature  of  his  subject.  The  average  college  student  agrees 
with  the  general  public,  and  will  be  prone  to  elect  anything 
rather  than  svstematic  zoology  or  botany.  There  is  abso- 
lutely nothing  that  seems  to  him  more  hopelessly  dull,  for- 
bidding and  profitless  than  all  matters  pertaining  to  classi- 
fication and  nomenclature.  But  it  is  in  the  house  of  our 
friends  that  we  are  wounded  most  cruelly.  Even  the  best 
of  our  fellow  zoologists  and  botanists  wish  us  nothing  better 
than  a  speedy  and  painless,  at  any  rate  speedv  death,  and 
the  worst  of  them  would  be  glad  to  hasten  the  day. 

It  is  not  my  purpose  to  discuss  at  present  the  attitude  of 
the  general  public,  nor  even  that  of  the  college  student,  im- 
portant as  it  is  to  all  of  us,  but  some  attention  ought  surely 
to  be  paid  to  the  prevalent  opinion  of  our  colleagues. 

Let  us  inquire,  then,  briefly,  into  the  reasons  for  the  un- 
fortunate attitude  of  these  who  ought  to  be  our  best  friends. 
In  my  opinion  the  most  fundamental  cause  for  their  discon- 
tent is  to  be  found  in  their  irritation  in  finding  nothing  fixed 
or  definitely  settled  in  our  classifications,  or  even  in  specific 
or  generic  names. 

It  certainly  does  not  conduce  to  the  tranquility  of  mind  of 
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the  morphologist  who  desires  to  discuss  the  variation  of  a 
certain  structure  in  a  given  group  of  animals  to  find  that  his 
friend  the  systematist  is  utterly  unable  to  delimit  the  group 
for  him,  or  that  no  two  authorities  can  agree  as  to  the  num- 
ber of  species,  much  less  as  to  their  names!  Wishing  to 
get  upon  some  solid  ground  for  his  discussion,  the  morphol- 
ogist asks  in  desperation:  "What  is  a  species,  anyhow!" 
And  the  systematist,  if  he  is  honest,  is  forced  to  admit  that  he 
■doesn't  know.  Again, the  morphologist,  with  a  commendable 
desire  to  learn  something  of  the  classification  in  a  general 
way,  laboriously  masters  some  scheme  which  seems  to  have 
met  with  general  acceptance,  only  to  find  that  the  next 
•authority  that  he  consults  scorns  it  utterly.  Still  again 
wishing  to  discuss  the  geographical  distribution  or  ecology 
of  some  limited  group,  he  finds  that  no  two  systeniatists 
agree  as  to  the  number  of  species  included  or  the  names  by 
which  they  should  be  called. 

Now,  all  this  is  exasperating  to  the  last  degree,  and  we 
must  deal  gently  with  our  friends  who  exclaim  in  despera- 
tion: "Is  there  anything  definitely  settled  in  regard  to 
any  group  of  animals  whatever?"  or  "Have  the  system- 
atists  any  real  basis  for  their  decisions,  or  are  they  any- 
thing better  than  the  merest  personal  whims?"  Can  we  won- 
der that  they  resort  at  times  to  absolute  brutality  and  propose 
logarithms  ? 

Having  thus  admitted  the  unfortunate  position  in  which 
we  stand  before  our  fellow  zoologists,  let  us  now  turn  our 
attention  to  the  highly  edifying  endeavor  to  honestly  con- 
fess our  sins.  I  suppose  that  every  zoologist  who  does  syste- 
matic work  starts  out  with  the  idea  that  there  is  nothing  else 
quite  so  desirable  and  altogether  ecstatic  as  the  discovery  and 
naming  of  new  species;  and  this  feeling  results,  it  must  be 
confessed,  in  numerous  synonyms  and  great  confusion.  That 
this  is  an  almost  inevitable  phase  in  the  career  of  the  ambi- 
tious systematist  must  be  frankly  acknowledged,  and  must 
be  endured  with  as  much  philosophy  as  possible,  the  prospect 
being  cheered  Ijy  the  reflection  that  the  phase  is  exceedingly 
evanescent,    and   is   of   inconsiderable    duration  as  comjjared 
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with  the  whole  career  of  the  systematist.  I  know  that  I 
shall  be  backed  by  every  worker  of  experience  when  I  assert 
that  any  systematist  who  has  gotten  beyond  the  callow 
period  would  very  much  prefer  to  be  able  to  place  a  given  form 
in  a  previously  described  species  than  to  be  forced  to  describe 
it  as  hew. 

Besides,  those  of  us  who  are  sufficiently  unregenerate  can 
take  great  comfort  in  the  thought  that  no  one  more  eagerly 
embraces  the  chance  to  describe  a  new  species  than  the  mor- 
phologist  who  thinks  he  has  discovered  a  novelty,  and  he  it 
is  who  most  often  dodges  the  necessity  of  careful  research 
along  bibliographical  lines,  and  at  the  same  time  artlessh^ 
evades  all  proper  responsibility  for  his  crimes  by  the  formula : 
"If  this  interesting  form  proves  to  be  new,  I  propose  for  it  the 
following  name." 

The  naive  innocence  of  some  of  our  embryo  naturalists  is 
sometimes  quite  refreshing.  For  instance,  a  year  or  so  ago  a 
young  and  enthusiastic  student  in  a  western  State  wrote  rae 
that  he  thought  he  had  a  new  species  of  a  group  in  which  I  am 
interested,  and  asked  me  to  kindly  send  him  the  literature  on 
that  group.  Not  finding  me  able  to  see  my  way  clear  to 
accommodate  him,  he  proceeded  to  describe  the  supposed  new 
species,  and  gave  it  a  name.  The  result  proved  that  the  name 
was  pre-occupied  and  that  the  species  was  only  a  somewhat 
common  color  variety  of  a  well-known  form. 

We  have  all  of  us  made  ridiculous  mistakes,  however,  and 
no  systematist  of  any  experience  could  afford  to  throw  the 
first  stone  were  the  biblical  condition  enforced.  We  should  be 
cautious,  however,  and  not  leave  too  many  cracks  in  our  har- 
ness to  be  discovered  by  our  friends  the  enemy.  There  are 
certain  things  that  we  ought  to  stop  doing,  and  stop  at  once. 
One  of  the  worst  sins  of  the  systematist  is  inadequate  descrip- 
tion of  species.  The  scientific  world  has  a  right  to  demand 
good  clear  descriptions,  and  is  not  slow  to  express  its  con- 
tempt for  any  remissness  in  this  direction.  As  an  example  of 
this  particular  sin  I  would  cite  an  instance  given  by  an  en- 
tomological friend,  which  I  quote  verbatim: 

"The  variety  harrisii  of  Cicindela  sexgnttata  is  described 
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thas:  It  differs  from  typical  sexguttatj  in  the  color,  which  is 
olivaceous  green,  and  in  living  at  a  considerable  elevation.""^' 
It  is  not  often  that  the  variety  maker  is  so  refreshingly  frank 
as  this. 

Another  illustration  is  furnished  by  one  of  our  energetic  and 
intrepid  young  ornithologists,  who  evidently  believes  that 
each  geograp)hical  locality  ought  to  yield  a  trinomial  for  each 
bird  inhabitant.      He  says: 

"The  differences  characterizing  this  new  form  are  not  such 
as  may  be  graphically  described,  but  they  are,  nevertheless, 
quite  apparent  on  comparison  of  specimens." 

It  appears  from  the  context  that  this  subspecies  is  based 
on  a  single  specimen,  but,  coming  from  a  different  region,  like 
the  "living  at  a  somewhat  higher  altitude"  of  the  insect  referred 
to  above,  seems  to  be  in  reality,  if  not  professedly,  a  zoolog- 
ical character.  It  seems  to  yotir  speaker  that  a  difference 
that  is  so  elusive  that  it  cannot  be  graphically  described  is  not 
a  proper  basis  for  even  a  new  subspecies. 

The  question  here  arises:  Is  there  any  legitimate  limit  to 
the  refinement  of  description  and  niceties  of  distinctions  be- 
tween species  or  subspecies?  There  are  many  that  hold  that 
any  difference  whatever  is  sufficient  basis  for  a  specific  de- 
scription so  long  as  there  is  no  intergradation  with  other  forms. 
Now  it  is  evident  that  differences  may  be  so  small  that  inter- 
gradations  are  practically,  although  not  tlieoretically,  im- 
possible. The  keen  eye  of  the  expert  systematist  becomes 
almost  microscopic  in  its  function  and  sees  differences  that 
appear  perfectly  evident  to  the  observer,  but  that  are  really 
intangible  to  the  general  zoologist,  to  say  nothing  of  the 
scientific  public  at  large.  Should  each  of  these  microscopic 
differences  be  dignified  with  a  separate  name?  If  so,  can  we 
wonder  that  the  non-systematic  brother  becomes  thoroughly 
disgusted  with  our  discussions  of  the  zoological  "filioque" 
and  consigns  us  all  to  quick  extinction  or  a  lurid  future  of 
logarithms  ? 

It  is  to  be  hoped  that  the  future  will  disclose  some  method 


*  The  italics  arc  mine. 
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of  preserving  scientific  exactness,  and  at  the  same  time  ob- 
literating the  excessive  pedantry  that  at  present  seems  to  be 
the  main  objective  with  certain  systematists.  And  there  is 
good  biological  ground  for  this  hope  in  the  law  enunciated  by 
our  lamented  Cope  as  the  "  law  of  the  unspecialized."  This, 
he  says,  "describes  the  fact  that  the  highly  developed  or  spec- 
ialized types  of  one  geologic  period  have  not  been  the  parents 
of  the  types  of  succeeding  periods,  but  that  the  descent  has 
been  derived  from  the  less  specialized  of  preceding  ages," 
There  is  no  doubt  that  the  extremists  have  their  time  and 
their  uses,  but  they  are  not  likely  to  be  followed  in  their  ex- 
treme positions  by  their  successors  of  coming  generations. 
It  may  be  confidently  predicted  that  the  future  will  disclose 
a  safe  mean  between  the  lax  methods  of  many  of  the  older 
zoologists  and  the  indefensible  hair-splitting  of  the  extremists 
among  the  so-called  advanced  systematists  of  to-day. 

In  the  estimation  of  the  general  scientific  public  the  most 
grievous  of  our  sins  is  the  making  of  synonyms,  and  there  is 
no  question  that  we  have  much  to  answer  for  in  that  direction. 
There  are  few,  however,  that  are  in  a  position  to  realize  the 
difficulties,  amounting  almost  to  impossibilities,  that  confront 
even  the  most  conscientious  worker.  He  has  in  hand  a  form 
that  he  cannot  place  in  any  known  species,  although  he  would 
be  saved  a  deal  of  trouble  if  he  could.  He  must  call  this 
troublesome  animal  something.  He  cannot  call  it  by  an  old 
name  and  so,  perforce,  he  must  find  a  new  one  for  it.  It  be- 
longs to  an  old  and  well-established  genus  to  which  hundreds 
of  species  have,  in  the  course  of  more  than  a  century,  been 
referred.  Every  descriptive  term  that  can  possibly  be  made 
to  apply  to  such  an  animal  has  long  ago  been  used.  Though 
the  worker  may  live  in  some  great  library  center,  such  as 
Boston  or  Washington,  it  is  impossible  for  him  to  have  access 
to  all  of  the  literature  pertaining  to  even  a  Hmited  group. 
Though  he  spend  months  in  looking  through  dealers'  lists 
and  catalogues,  he  is  bound  to  miss  a  number  of  papers,  any 
one  of  which  may  contain  matter  vital  to  his  purpose.  Having 
exhausted  every  available  source  of  information,  he  at  last 
ventures  to  decide  on  a  name  which  seems  to  him  to  be  apt, 
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and  not  preoccupied.  The  more  experienced  he  is  as  a  sys- 
tematist  the  less  confidence  he  has  that  his  name  will  stand, 
nor  is  he  greatly  surprised  to  be  reminded  by  some  loving 
friend  that  that  name  was  used  twenty  years  ago  in  a 
paper  published  in  Russian  and  issued  by  a  local  scientific 
society  in  Kamchatka. 

To  illustrate  the  hopelessness  of  consulting  all  of  the  litera- 
ture on  even  the  most  limited  subject  I  will  venture  on  a  bit 
of  personal  experience. 

For  the  past  ten  years  I  have  earnestly  endeavored  to  con- 
sult all  of  the  papers  regarding  a  very  small  group  of  animals 
in  which  I  am  particularly  interested.  In  addition  to  buying 
everything  that  was  mentioned  in  numerous  lists  and  cata- 
logues from  the  best  European  book  dealers,  the  libraries 
of  Harvard,  the  National  Museum,  the  Congressional  Library, 
the  private  library  of  Dr.  Agassiz  at  Newport,  the  library  of 
the  Naples  Zoological  Station  and  other  famous  libraries  in 
Europe  were  faithfully  consulted  and  a  card  catalogue  of 
every  reference  to  a  species  included  in  the  group  under 
consideration  was  made.  After  which  it  seemed  that  I 
could  at  last  work  with  some  confidence  that  nearly  all  of 
the  possible  synonyms  were  where  I  could  get  at  them  when 
wanted.  A  few  weeks  ago  the  mail  brought  me  a  paper 
published  in  Geneva,  in  which  occurred  no  less  than  one 
hundred  titles  of  papers  relating  to  the  group  of  animals  in 
which  I  had  been  working,  not  one  of  which  I  had  been  able 
to  find. 

Now  if  it  is  so  difficult,  nay,  impossible,  for  one  who  has 
access  to  a  number  of  the  best  libraries  to  feel  confident  of 
avoiding  the  creation  of  synonyms,  how  can  we  expect  the 
young  worker  with  access  to  only  a  few  books  to  avoid  the 
same  catastrophe?  Of  course,  it  is  easy  to  say  that  he  has 
no  business  to  attempt  systematic  work,  and  perhaps  we 
should  be  justified  in  such  a  remark.  But,  after  all,  our 
position  would  l)e  sadly  like  that  of  the  historic  mother 
who  forbade  her  daughter  to  go  near  the  water  until  she  had 
learned  to  swim. 

There  is  a  distinct  danger  in  attempting  to  restrict  syste- 
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matic  work  to  those  exceptional  persons  who  have  access 
to  first-class  libraries.  Thoroughl}-  equipped  systematists 
will  be  needed  in  the  world  for  a  long  time  to  come,  in  spite 
of  frankly  expressed  views  to  the  contrary,  and  the  ranks 
of  those  passing  away  must  be  filled  by  competent  men. 
Such  men  must  be  supplied  ■  mostly  from  our  colleges  and 
universities,  and  it  is  futile  to  expect  the  few  institutions 
having  adequate  libraries  to  turn  out  a  sufficient  number 
of  men  to  do  this  work. 

As  a  matter  of  fact,  the  very  universities  that  are  in  the 
best  position  to  do  such  work  are  the  ones  that  offer  the  least 
encouragement  to  the  would-be  systematist.  In  my  opinion 
our  best-equipped  universities  are  falling  far  short  of  their 
proper  function  in  not  paying  more  serious  attention  to  this 
part  of  biological  science.  Some  time  ago  I  received  a  letter 
from  a  zoologist  holding  a  high  position  in  one  of  our  largest 
museums,  in  which  he  complained  that,  while  they  were 
able  to  find  plenty  of  young  men  who  could  work  out  the 
histology  of  a  definite  organ,  or  the  embryology  of  a  species 
or  undertake  experimental  work,  there  was  only  one  uni- 
versity that  he  knew  of,  and  that  a  western  one,  that  gave 
students  the  training  that  was  necessary  to  make  them 
competent  to  work  up  a  collection.  For  years  there  have 
been  waiting  for  suitable  men  the  vast  accumulations  of 
material  in  our  great  museums,  and  it  is  impossible  to  find 
men  able  to  work  up  some  of  the  niost  important  groups. 

Such,  then,  is  the  situation.  There  is  the  most  urgent 
need  for  competent  systematists,  and  our  universities,  the 
natural  source  of  supply,  are  doing  next  to  nothing  in  the 
wa}^  of  training  men  for  this  important  work. 

But  the  objection  may  here  be  raised  that  the  systematist 
is  a  specialist  of  a  kind  that  cannot  be  trained  for  his  work 
in  the  ordinary  university  course. 

Of  course,  it  is  impracticable  to  turn  out  full-fledged  system- 
atists, but  it  is  practicable  to  give  men  the  kind  of  educa- 
tion that  will  enable  them  to  take  up  systematic  work  to 
advantage  after  their  college  days  have  been  completed. 
The  mental  or  intellectual  equipment  needed  by  the  system- 
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atist  includes  three  prime  requisites:  (i)  accurate  observa- 
tional power,  (2)  a  well-trained  and  reliable  power  of  dis- 
crimination, and  (3)  the  power  to  describe  accurately  and 
in  good  English.  Now,  be  it  observed  that  these  three 
accomplishments  are  the  very  ones  that  are  the  most  valu- 
able intellectual  gifts  in  almost  any  walk  in  life,  and  hence 
it  follows  that  that  sort  of  education  which  turns  out  good 
timber  for  systematists  is  the  very  one  that  serves  the  best 
and  most  useful  pedagogical  purposes;  and  the  plea  which 
I  here  make  for  more  attention  being  paid  by  our  colleges 
to  preparing  men  for  systematic  work,  is  at  the  same  time 
a  plea  for  the  best  and  strongest  preparation  for  almost  any 
walk  in  life. 

It  will,  of  course,  be  conceded  that  the  first  of  the  requisites 
cited  above,  namely,  accurate  observational  power,  is  the  pri- 
mary aim  of  work  in  all  material  science ;  and  it  will  also  be 
conceded  that  the  education  of  the  power  of  discrimination  or 
judgment  is  also  included  in  any  thorough  scientific  work; 
but  I  do  not  believe  that  any  other  branch  of  biological 
science  does  so  much  toward  evoking  fine  descriptive  power 
as  does  systematic  work,  either  in  botany  or  in  zoology.  After 
an  experience  of  some  seventeen  years  as  a  teacher  of  science, 
it  is  my  deliberate  judgment  that  good  descriptive  ability 
is  much  more  rare  than  the  ability  either  to  observe  or  to 
discriminate,  which  is  really  a  part  of  observation.  It 
would  be  laughable,  were  it  not  pathetic,  to  see  the  utter 
helplessness  of  even  the  better  class  of  university  students 
when  they  are  told  to  describe  even  the  simplest  object. 
Time  after  time  I  have  found  that  a  class  of  twenty  or  more 
sophoinores  did  not  contain  a  single  one  who  could  really 
describe  any  definite  object  with  even  approximate  success. 
But  it  is  a  never-failing  delight  to  see  the  power  that  they 
can  acquire  in  this  direction  after  a  year  of  faithful  work 
along  systematic  lines. 

Teaching  of  the  sort  that  I  have  indicated  need  not  l)e 
confined  to  the  largest  and  best -endowed  colleges.  Fairly 
large  collections  in  certain  definite  groups  are  a  necessary 
prerequisite,    but    such    collections    can    be    secured    at    less 
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expense  than  the  laboratory  equipment  that  includes  a  good 
compound  microscope  for  each  student,  and  in  nianv  cases 
the  teacher  can,  with  the  help  of  students,  make  suitable 
collections  in  such  groups  as  birds  and  insects. 

The  whole  scheme  of  systematic  arrangement  lends  itself 
admirably  to  the  gradual  evolution  of  descriptive  power. 
Commencing  with  the  larger  groups,  the  student  is  drilled 
in  discriminating  the  broader  characters,  such  as  differentiate 
classes  and  orders,  for  instance;  then  closer  work  is  required 
in  studying  the  families.  Lastly,  some  few  families  are  taken 
up  and  the  work  becomes  focused  on  the  fine  discriminations 
required  in  describing  genera  and  even  species. 

In  the  University  of  Iowa,  for  instance,  the  student  works 
for  one-third  of  a  year  on  the  classes  and  orders  of  the  lower 
invertebrates.  Then  he  studies  the  groups  of  mammals, 
down  to  and  including  the  families,  for  an  equal  length  of 
time,  the  remainder  of  the  collegiate  year  being  devoted 
to  the  study  of  birds,  more  than  half  of  this  latter  period 
being  given  to  a  careful  study  of  the  Passeres.  The  work 
is  focused  more  particularly  on  birds  because  the  university 
museum  is  particularly  well  equipped  in  birds;  they  are 
pleasing  objects  of  study  for  most  students,  and  they  are 
particularly  available  for  illustration  in  such  objects  as 
coloration,  geographical  distribution  and,  strange  as  it  mav 
seem,  ecological  problems. 

You  will  pardon  me,  I  hope,  for  thus  intruding  the  work 
of  my  own  department  upon  your  attention.  But  it  serves 
to  illustrate  my  meaning  in  claiming  for  systematic  work 
the  highest  grade  of  pedagogical  value.  It  does  teach  the 
student  to  observe  carefully,  discriminate  with  something 
of  that  judicial  nicety  so  rare  and  so  helpful  in  any  life,  and 
lastlv — and  it  seems  to  me  that  this  is  the  crowning  achieve- 
ment in  education — to  describe  accurately  not  only  from 
a  scientific  but  also  from  a  literar}-  standpoint.  Lucidity 
and  accuracy  of  language  accomplish  marvels  in  the  way 
of  inciting  to  lucidity  and  accuracy  of  thought,  and,  so  it 
seems  to  me,  actually  precede  them  in  time. 

All  this  may  seem  a  digression  from  the  main  theses  of 
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my  address,  but  it  will  be  remembered  that  we  are  trying 
to  find  a  remedy  for  the  scarcity  of  men  competent  to  occupy 
the  field  of  systematic  work,  and  the  first  thing  needful  is  a 
realization  on  the  part  of  our  colleges  and  universities  that 
they  have  too  long  neglected  the  educational  value  of  train- 
ing along  systematic  lines.  Were  they  led  to  recognize 
this  at  its  just  value,  it  would  be  provided  for  on  at  least 
an  equal  footing  with  morphology  in  the  curricula  of  all 
reputable  colleges,  and  this  would  result  in  the  graduation, 
yearly,  of  a  number  of  young  men  and  women  who  have 
the  preliminary  training  that  will  enable  them  to  take  up 
systematic  work  in  earnest. 

Of  course,  this  real  systematic  work  can  only  exception- 
ally be  done  in  colleges.  Not  even  as  post-graduate  work 
can  it  be  attempted,  save  under  circumstances  seldom  real- 
ized. But  the  men,  if  worthy,  will  find  the  place  to  work 
in  centers  where  great  museums  and  libraries  will  be  at  their 
command.  In  this  connection  the  thought  forces  itself  to 
the  fore  that  the  great  and  greatly  discussed  Carnegie  Insti- 
tution can  do  a  most  important  work  in  seeing  to  it  that 
such  young  men,  equipped  particularly  for  sy.stematic  work 
can  receive  enough  of  a  stipend  to  feed  and  clothe  them 
while  necessarily  away  from  home  and  doing  important 
systematic  work  in  overhauling  and  bringing  order  out 
of  the  chaos  that  prevails  in  most  if  not  all  great  museums, 
where  a  wealth  of  material  has  been  allowed  to  accumulate 
for  decades  awaiting  the  time  when  the  right  man  can  come 
to  the  aid  of  overworked  curators  and  intelligently  and 
efficiently  disentangle  the  all  but  hopeless  masses  of  material, 
and,  with  keen  insight  and  trained  powers  of  description, 
successfully  trace  the  obscure  web  of  relationships  and  of 
descent.  Thus  the  curators  will  be  left  free  to  do  better 
and  more  worthy  work  along  the  lines  of  their  chosen  studies, 
relieved  of  at  least  a  part  of  the  all  but  intolerable  Ijurden 
under  which  they  are  staggering,  and  in  spite  of  which  so 
much  excellent  work  has  been  done. 

While  no  one  more  heartily  condemns  scientific  jirovincial- 
ism  than  does  your  speaker,  still  we  can  rightly  indulge  the 
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hope  that  the  time  will  come,  and  that  soon,  when  it  will  be 
unnecessary  to  send  to  Europe  for  men  competent  to  report 
on  collections  made  by  our  Government  expeditions,  and 
when  collections  will  be  entrusted  to  American  zoologists, 
not  because  they  are  American,  but  because  they  are  best 
able  to  do  the  work  in  a  satisfactory  manner. 

It  is  probable  that  nine  out  of  ten  systematists,  if  asked 
what,  in  their  opinion,  was  the  most  thankless  and  wearying 
part  of  their  work  would  unhesitatingly  answer,  "The  biblio- 
graphic work."  In  nothing  are  our  energies  so  wastefully 
and  often  needlessly  expended.  Now  that  the  Congressional 
Library  is  at  last  in  working  order,  it  seems  to  me  that  it 
ought  to  be  possible  to  undertake  a  work  in  this  direction 
that  would  be  not  only  an  unspeakable  boon  to  all  who  are 
engaged  in  systematic  investigation,  but  also  to  the  scientific 
public  at  large;  for  nothing  that  I  can  think  of  would  go 
so  far  towards  reducing  the  pernicious  activity  of  the  maker 
of  synonyms  to  a  minimum  as  a  methodical  and  exhaustive 
publication  of  bibliographies  in  connection  with  which 
synonyms*  would  be  promptly  "spotted"  and  reported  at 
once  to  the  scientific  world. 

Our  Congressional  Library  is  worthy  of  a  nation's  pride. 
Having  had  occasion  to  work  there  myself,  I  can  say  that 
nowhere  can  better  service  or  more  helpful  courtes}'  be 
found  than  is  accorded  one  who  desires  to  do  serious  work 
within  its  walls.  One  must  use  it  before  he  can  form  any 
just  idea  of  the  wonderful  change  that  has  been  brought 
about  since  the  present  building  was  completed.  Here  is 
undoubtedly  the  best  place  in  America  to  do  bibliographic 
work,  and  here  could  be  undertaken  a  public  service  that 
would  be  second  to  none  in  helpfulness  to  the  naturalist, 
the  systematic  publication  of  bibliographies,  perhaps  follow- 
ing the  general  lines  of  the  Concilium  Bibliographicum, 
which  has  already  rendered  invaluable  service,  so  far  as  cur- 
rent publications  are  concerned. 

The  Concilium  Bibliographicum,  however,  can  furnish  but 

*  The  word  synonym  is  here  used  in  its  more  general  sense, 
including  both  autonyms  and  synonyms  in  a  strict  sense. 
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little  help  regarding  publications  of  other  than  comparatively- 
recent  date,  and  this  is  the  most  pressing  need  of  the  system- 
atist.  This  task,  colossal  as  it  is,  could  be  accomplished  if 
attacked  systematically  by  a  sufficiently  large  force  of  com- 
petent workers.  It  would  not  be  necessary  to  complete  the 
work  in  any  group  before  the  results  could  be  available  for 
general  use.  By  a  periodical  mailing  of  cards  some  relief 
could  very  shortly  be  extended  to  all  those  who  are  known 
to  be  interested  in  any  group,  and  as  the  history  of  our  science 
covers  less  than  a  century  and  a  half,  a  vigorous  prosecution 
of  the  work  would  enable  us  to  have  authentic  and  reason- 
ably complete  bibliographies  brought  up  to  date  within  a 
very  few  years. 

Such  work  need  not,  indeed  should  not,  be  confined  to 
bibliographies  of  publications,  but  should  include  bibliog- 
raphies of  specific  names.  Every  reference  to  a  species 
should  be  given  a  separate  card.  These  could  be  arranged 
both  alphabetical^  and  chronologically,  and  when  such  a 
bibliography  is  completed  up  to  date  a  synonym  can  be 
detected  with  unerring  accuracy.  I  speak  from  some  little 
experience  when  I  say  that  such  an  arrangement  of  cards 
is  the  greatest  possible  assistance  and  time-saver,  as  I  have 
myself  made  a  card  bibliography  of  a  single  order  of  animals 
with  which  I  am  working.  It  includes  some  six  thousand 
cards,  and  involves  a  card  catalogue  of  authors,  with  their 
publications,  of  families,  of  genera  and  of  species. 

Of  course,  such  a  plan  as  has  been  indicated  could  only 
be  carried  out  by  a  corps  of  specialists,  each  having  immediate 
charge  of  the  work  pertaining  to  some  limited  group,  and  the 
whole  should  be  under  the  supervision  of  some  public  scientific 
organization  such  as  the  Smithsonian  Institution,  or  possibly 
the  Washington  Academy  of  Science;  .such  bodies  being 
particularly  available  on  account  of  their  being  situated  in 
Washington,  where  most  of  the  actual  work  would  be  done. 

But  what  answer  shall  we  give  to  our  friends  who  plain- 
tively implore  us  to  "deal  gently  with  established  genera?" 
It  is  in  connection  with  this  question  that  we  are  confronted 
with  some  of  the  most  perplexing  of  our  difficulties.     How 
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far  are  we  justified  in  overturning  that  which  is  firmly  estab- 
lished by  usage  in  order  to  introduce  schemes  of  classification 
that  seem  to  us  better  and  more  rational? 

Hoping  that  your  patience  has  not  been  exhausted  by  the 
references  already  made  to  personal  experiences,  I  beg  your 
indulgence  while  I  refer  once  more,  for  illustration,  to  my 
own  work,  which  is  a  monographic  treatment  of  an  order 
of  coelenterates.  In  attempting  to  discuss  the  genera  of  a 
single  family,  the  Sertularidse,  it  was  found  that  there  were 
included  in  it  about  twelve  apparently  well-established 
genera.  These  had  been  carefully  defined  and  the  classi- 
fication seemed  a  logical  and  good  one.  When,  however, 
the  great  amount  of  sertularian  material  accumulated  during 
the  past  twenty  years  by  the  Albatross  and  other  Government 
agencies,  together  with  the  results  of  recent  work  by  our 
cousins  across  the  water,  came  to  be  worked  over,  the  fact 
became  more  and  more  apparent  that  not  a  single  one  of 
these  established  genera  could  hold,  unless  some  entirely 
unnatural  and  arbitrary  characters  were  used,  such  as  would 
be  employed  in  the  construction  of  artificial  keys.  Not  a 
single  one  of  these  genera,  as  defined,  was  exempt  from 
almost  ideal  intergradation  with  one  or  more  other  genera. 
Here  the  investigator  is  confronted  with  a  dilemma  with 
several  horns,  if  the  bull  be  allowable,  either  one  of  which 
was  fraught  with  most  uncomfortable  consequences.  The 
following  courses  were  open : 

1.  To  adopt  an  entirely  artificial  system,  for  convenience 
only. 

2.  To  throw  all  of  the  old  genera  into  one,  for  the  sake  of 
scientific  consistency. 

3.  To  make  a  new  grouping,  involving  a  new  lot  of  genera. 

4.  To  use  the  old  and  well-established  genera,  pointing 
out  the  intergradations  and  frankly  admitting  their  scientific 
insufficiency. 

Considering  these  in  order,  we  find  that  the  first  proposi- 
tion, that  is,  to  adopt  an  entirely  artificial  system  for  con- 
venience only,  would  be  eminently  unscientific,  a  backward 
step  that  should  not  have  serious  consideration. 
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To  throw  all  the  old  genera  into  one  would  be  the  course 
to  which  the  strict  dictates  of  the  scientific  conscience  would 
impel  the  investigator.  If  one  could  set  aside  every  con- 
sideration save  the  letter  of  the  law,  and  be  willing  to  be 
pilloried  by  his  colleagues,  this  would  be  the  proper  course 
to  pursue.  As  a  matter  of  fact,  however,  such  a  course  would 
involve  the  renaming  of  about  nine-tenths  of  the  hundreds 
of  species  involved,  and  throwing  all  the  knowledge  so  labori- 
ously attained  by  our  predecessors  and  contemporaries  into 
pi,  resulting  in  every  worker  in  that  group,  or  every  one  that 
wanted  to  mention  a  species,  being  forced  to  find  out  what 
the  thing  would  be  called  under  the  new  system,  no  matter 
how  familiar  he  might  be  with  the  group.  Should  any  one 
have  the  hardihood  to  precipitate  such  a  disaster,  he  would 
not  only  be  pilloried  and  execrated,  but,  I  doubt  not,  would 
fail  to  secure  a  single  follower,  and  all  of  his  work  would  die 
with  him  and  his  name  be  anathema. . 

The  third  course,  that  is,  to  make  a  new  grouping  under 
new  generic  names  when  necessary,  and  old  ones  when 
possible,  would  be  an  excellent  solution  were  it  not  for  the 
fact  that  months  of  the  hardest  study,  with  ample  literature 
and  material  hitherto  un.surpassed  in  abundance  has  resulted 
in  the  sad  conclusion  that  no  grouping  can  be  devised  that 
will  not  be  open  to  the  original  difficulty,  that  of  intergrading 
forms  in  all  directions.  Nothing  would  be  gained,  and  much 
confusion  would  result  from  this  course,  which,  like  the 
others,  cannot  wisely  be  adopted. 

There  remains  then  but  one  suggestion.  That  is  to  use 
the  old  and  established  genera,  which  will  work  in  perhaps 
ninety-five  per  cent,  of  the  cases,  and  frankly  call  attention 
to  the  intergradations  so  that  no  one  will  be  misled. 

In  this  way  we  can  heed  the  pleading  of  our  friends  to 
"deal  gently  with  established  genera,"  and  not  bring  dis- 
astrous confusion  into  the  already  overworked  synonymy. 

Of  course,  this  solution  is  far  from  ideal,  and  will  doubtless 
meet  with  no  little  criticism,  but  it  is  an  honest  one,  and  it 
is  hoped  will  meet  with  the  gratitude  of  those  who  plead 
with  us  to  "deal  gently  with  established  genera." 
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It  is  to  be  feared  that  we  have  been  too  lenient  with  those 
who  have  been  heedless  in  the  matter  of  overturning  existing 
classifications  before  they  are  certain  that  they  have  some- 
thing better  to  offer.  The  old  proverb,  "Be  sure  you  are 
off  with  the  old  love  before  you  are  on  with  the  new,"  is  one 
all  too  apt  to  be  forgotten  by  the  enthusiasts  who  are  unable 
to  distinguish  the  difference  between  becoming  great  and 
becoming  notorious.  A  little  wholesome  conservatism  is 
by  no  means  to  be  despised.  A  system  of  classification  is 
not  necessarily  better  because  it  is  new,  and  we  need  to  re- 
deem ourselves  from  the  charge,  all  too  well  founded,  that 
we  are  capricious  in  tinkering  with  matters  that  need  the 
most  careful  pondering,  and  an  application  of  Davy  Crock- 
ett's motto,  "Be  sure  you're  right,  and  then  go  ahead." 

Of  course,  all  real  progress  must  be  encouraged,  and  it  will 
never  do  to  allow  considerations  regarding  public,  or  even 
scientific,  opinion  to  deter  us  after  we  are  sure  we  are  right. 
Conservatism  by  no  means  means  stagnation,  but  it  does 
mean  deliberation. 

But  I  have  already  trespassed  too  long  upon  your  time 
without  even  touching  on  several  questions  of  vital  im- 
portance, such  as  the  "A.  0.  U.  Code,"  the  best  medium  of 
publication,  an  authoritative  tribunal  for  the  settlement 
of  such  questions  of  nomenclature  as  could  rightly  be  sub- 
mitted to  such  a  body,  and  other  matters  that  I  had  hoped 
to  discuss. 

In  conclusion,  let  me  urge  the  necessity  of  hearty  co- 
operation and  a  good  understanding  between  systematists 
and  other  workers  in  the  field  of  biological  research.  None 
of  us  can  afford  a  contemptuous  attitude  toward  any  other 
who  is  honestly  striving  to  extend  the  limits  of  knowledge, 
even  though  his  faults  are  many.  In  early  days  out  West 
there  hung  in  a  popular  dance  hall  the  suggestive  notice: 
"Don't  shoot  the  orchestra.  He's  doing  the  best  he  knows 
how!"  The  same  plea  in  thought,  if  not  in  language,  we 
would  enter  in  behalf  of  the  systematist. 
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THE  ORIGIN  OF  TERRESTRIAL  PLANTS. 


I  should  like  to  invite  your  attention  for  a  little  while  to 
some  of  the  factors  that  apparently  have  been  operative  in 
determining  the  changes  which  plant  structures  have  under- 
gone in  the  course  of  the  development  of  the  vegetable  king- 
dom. While  some  of  these  are  perfectly  obvious,  others  are 
by  no  means  so  evident,  and,  as  might  be  expected,  there  is 
not  perfect  agreement  among  botanists  as  to  the  relative  im- 
portance of  some  of  these  factors,  nor  indeed  of  their  efificiencv 
at  all. 

I  shall  not  attempt  here  to  go  into  any  extended  discussion 
of  the  remarkable  results  obtained  by  Professor  De  Vries  in  his 
recent  studies  upon  variation  in  plants.  These  are  too  im- 
portant, however,  to  be  dismissed  without  some  mention. 
The  conclusion  reached  by  Professor  De  Vries  is  that,  in  addi- 
tion to  the  variation  within  the  limits  of  species,  there  may  be 
sudden  variations,  or  "mutations,"  which,  so  to  speak,  over- 
step the  limits  of  the  species,  and  thus  inaugurate  new  species. 
While  the  results  obtained,  especially  in  the  case  of  CEnothera 
Lamarckiana,  are  certainly  most  striking,  more  data  are 
necessary  before  we  can  accept  without  reserve  the  conclu- 
sions reached.  It  is  certain  that  marked  changes — "sports," 
as  the  gardeners  term  them — often  appear  without  anv  ex- 
plainable cause,  and  it  is  equally  difiicult  to  understand, 
wliat,  for  want    of    a  better   term,  we   can  onlv  term  "ten- 
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dencies  "  to  develop  in  special  directions.  Thus  the  specializa- 
tion of  the  sexual  reproductive  cells, which  has  evidently  taken 
place  quite  independently  in  several  unrelated  lines;  the  de- 
velopment of  heterospory,  and  probably  of  the  seed-habit  in 
different  groups  independently,  are  hard  to  explain  without 
assuming  an  innate  tendency  to  vary  in  a  determined  direc- 
tion. 

It  is  not,  however,  with  these  exceedingly  difficult  and  often 
obscure  problems  that  we  shall  concern  ourselves  here,  but 
rather  with  those  changes  in  plant  structures  which  are  ref- 
erable to  more  or  less  evident  response  to   known  conditions. 

Speaking  in  broad  terms,  I  think  we  can  reduce  the  deter- 
mining factors  to  three  categories,  leaving  aside  the  inherent 
tendencies  to  variation.  These  three  sets  of  factors  are:  (i) 
those  relating  to  the  food  supply,  (2)  the  relation  to  water,  and 
(3)  those  concerned  with  reproduction. 

It  is  hardly  necessary  to  say  that  there  is  no  fundamental 
distinction  between  plants  and  animals.  At  the  bottom  of 
the  scale  of  organic  life  are  many  forms,  especially  those  be- 
longing to  the  group  of  Flagellata,  which  are  intermediate  be- 
tween the  strictly  animal  and  vegetable  organisms. 

We  may  safely  assume  that  the  primitive  organisms  were 
motile,  perhaps  resembling  some  of  the  existing  flagellates. 
Of  the  latter,  some  are  destitute  of  pigment  and  approach  the 
lower  Protozoa ;  others  are  provided  with  chromatophores  con- 
taining chlorophyll,  and  resemble  the  lower  plants.  It  is 
highly  probable  that  the  forms  with  chromatophores  are  able 
to  assimilate  carbon  dioxide,  as  the  typical  plants  do,  and 
may  be  denominated  "holophytic."  The  forms  without  chloro- 
phyll are  probably,  like  animals,  dependent  upon  organic  food 
for  their  existence. 

If  we  compare  the  holophytic  flagellates  with  those  forms 
which  have  no  cholorophyll,  a  significant  difference  may  be 
noted,  which  is  evidently  associated  with  their  nutrition. 
The  holophytic  forms  are  noticeably  less  motile  than  the  others. 
Thus  Euglcna,  one  of  the  commonest  green  flagellates,  be- 
comes encysted  before  division  takes  place.  The  resting  cell 
has    a    firm    membrane   about    it,  and    closelv   resembles    a 


DOUGLAS    HOUGHTON    CAMPBELL.  465 

typical  plant  cell.  The  forms  without  chromatophores, 
however,  c.  g.,  Scytomonas,  may  divide  longitudinally  in  the 
active  condition.  This  difference  in  motility  between  the 
forms  with  and  without  chromatophores,  seems  to  be  the 
first  hint  of  the  differentiation  of  the  characteristically  motile 
animals  and  immobile  plants. 

One  group  of  plants  (Volvocaceae)  evidently  allied  to  the 
Flagellata,  and  sometimes  even  included  with  them,  like  ani- 
mals, show  active  locomotion  during  their  vegetative  existence. 
Aside  from  these,  and  the  Peridineae,  which  may  be  remotely 
related  to  them,  locomotion  is  exhibited  only  by  such  repro- 
ductive cells  as  zoospores  and  spermatozoids.  The  frequent 
reversion  to  the  motile  condition  found  in  the  reproductive 
cells,  suggests  the  probability  that  these  have  been  derived 
from  similar  ancestral  forms. 

The  loss  of  motility  in  typical  vegetable  cells  is  associated 
with  the  formation  of  a  firm  membrane,  usually  of  cellulose, 
about  the  cell.  This  precludes  all  movement  of  the  cell, 
except  in  those  cases  where  openings  are  present,  through 
which  extensions  of  the  protoplasm,  usually  in  the  form  of 
cilia,  protrude. 

The  power  of  free  locoinotion  was  probablv  a  character  of 
the  primitive  vegetable  cell,  but  with  the  development  of  the 
holophytic  habit,  this  power  has  been  lost  by  the  vegetative 
cell  of  most  plants.  The  loss  of  locomotion  in  plants  mav 
probably  be  connected  with  the  development  of  the  power  to 
assimilate  carbon  dioxide,  the  main  source  of  food.  As  the 
CO.^  in  the  air,  or  dissolved  in  water,  is  constantly  being  re- 
ceived, it  is  not  necessary  for  the  plant  to  move  from  one 
place  to  another  in  search  of  food,  and  we  find  plants  be- 
coming more  and  more  stable.  Where  animals  are  so  placed 
that  their  food  supply  is  abundantly  received,  they  may  assume 
an  immobile,  plant-like  habit.  This  is  especially  marked  in 
many  marine  animals,  such  as  corals,  hydroids,  sponges, 
ascidians  and  such  molluscs  as  oysters.  The  old  name 
"zoophyte"  applied  to  corals  and  similar  animals  was  not  in  all 
respects  a  misnomer.  These  rooted  marine  animals  ex- 
hibit another  resemblance  to  plants  in  the  development  of 
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free  swimming  larvae,  analogous  to  the  active  zoospores  pro- 
duced by  so  many  algae.  In  both  instances  it  is  safe  to  as- 
sume that  the  motile  stage  is  older  than  the  llxed  condition. 

Lack  of  time  forbids  our  consideration  in  detail  of  the  very 
important,  but  by  no  means  clearly  understood,  problems  deal- 
ing with  the  evolution  of  sex  in  the  vegetable  kingdom.  Thus 
the  reason  why  the  development  of  distinct  sexual  cells  has 
taken  place  in  an  almost  identical  manner  in  several  widely 
separated  groups  of  plants,  is  hard  to  explain.  The  sexual 
cells,  or  gametes,  have  beyond  question  been  derived  from 
non-sexual  ones.  Thus  in  several  groups  of  algae,  e.  g.,  Vol- 
vocaceae,  Confervoideae  and  Phaeophyceae,  there  still  exists  an 
almost  perfect  series  of  forms  leading  from  the  non-sexual 
zoospores  to  perfectly  diflEerentiated  male  and  female  gametes. 
The  formation  of  sexual  or  non-sexual  reproductive  elements 
is,  in  many  cases  at  least,  largely  dependent  upon  the  con- 
ditions under  which  the  plants  are  grown.  This  has  been  very 
clearly  shown  by  the  remarkable  series  of  investigations 
made  by  Professor  Klebs  upon  various  thallophytes.  For  a 
discussion  of  the  meaning  of  sex,  the  reader  may  refer  to  the 
recent  papers  on  the  subject  by  Strasburger  and  Boveri. 

In  short,  while  we  know  to  a  considerable  extent  some  of 
the  factors  which  determine  the  formation  of  sexual  cells, 
where  these  have  already  been  developed,  the  reasons  why 
sex  has  developed  are  still  very  obscure. 

Secondary  reproductive  structures,  such  as  sporangia,  seeds, 
flowers,  fruit,  etc.,  are  readily  enough  explicable  and  need  not 
be  dwelt  upon  here. 

PHOTOSYNTHESIS. 

Perhaps  the  most  important  physiological  property  of  green 
plants  is  photosynthesis,  or  the  ability  to  utilize  the  energy  of 
the  sun's  rays  for  the  manufacture  of  the  primary  carbon  com- 
pounds necessary  to  build  up  living  protoplasm.  That  some 
of  the  most  striking  modifications  of  the  plant  body  are  directly 
associated  with  photosynthesis  is  certain.  The  develop- 
ment of  leaves  in  various  groups  of  plants  is,  perhaps,  the 
most  obvious  response  to  the  needs  for  photosynthesis.     The 
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leaf  is,  par  excellence,  the  photosynthetic  organ.  The  spread- 
ing out  of  the  green  cells  so  as  to  offer  the  most  favorable  ex- 
posure to  the  light  rays,  and  in  the  higher  plants  the  develop- 
ment of  stomata  and  the  spongy  mesophyll,  or  special  assim- 
ilating tissue,  are  evident  adaptations  to  photosynthesis. 
Leaves  are  by  no  means  confined  to  the  vascular  plants ,  however. 
We  need  only  recall  the  simple  leaves  of  mosses  and  liverworts 
and  the  similar  organs  in  the  more  highly  organized  seaweeds, 
such  as  Sargassiim  or  Macrocystis.  Even  among  the  lowly 
green  algae  simple  photosynthetic  organs  may  be  developed. 
The  dense  branching  tufts  of  Draparnaldia  or  the  expanded 
frond  of  Ulva,  for  example,  are  of  this  nature. 

The  leaves  of  these  lower  plants  are  very  different  mor- 
phologically from  those  of  the  ferns  and  seed  plants,  but  show 
very  clearly  that  they  are  physiologically  of  the  same  nature ; 
i.  e.,  they  are  analogous  but  not  homologous. 

Other  special  modifications  associated  with  photosynthesis 
are  the  peculiar  lacunar  tissues  found  in  the  thallus  of  the 
Marchantiales  and  in  the  sporogonium  of  the  true  mosses  and 
in  Anthoceros .  In  all  these  instances  there  are  formed,  in 
connection  with  the  green  lacunar  tissue,  more  or  less  per- 
fect stomata.  These  upon  the  apophysis  of  the  sporogonium 
of  many  mosses,  and  over  the  whole  surface  in  Anthoceros, 
are  precisely  similar  to  those  found  upon  the  leaves  and  other 
green  organs  of  the  vascular  plants. 

While  it  is  usually  stated  that ,  among  the  bryophytes,  appen- 
dicular organs  are  quite  absent  from  the  sporophyte,  the 
apophysis,  or  special  assimilative  organ  at  the  base  of  the 
capsule  in  some  of  the  more  specialized  mosses  like  Polytrickwrn 
and  Splachnum,  might  almost  be  so  regarded.  In  the  latter 
genus  it  sometimes  forms  a  broad  disk  several  times  the  diame- 
ter of  the  rest  of  the  capsule,  and  is  just  as  truly  a  special  organ 
for  photosynthesis  as  is  the  leaf  of  a  fern  or  flowering  plant. 


Even  more  important  than  the  changes  of  the  plant  body 
associated  with  photosynthesis  are  those  which  are  due  to  the 
plant's  relation  to  the  water  supply.     All  organisms  require 
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a  certain  amount  of  water  in  order  that  the  protoplasm  may 
perform  its  functions.  Protoplasm  is  not  necessarily  killed 
by  the  withdrawal  of  water,  but  it  is  rendered  inactive,  as 
may  readily  be  seen  in  such  structures  as  seeds,  spores,  etc. 

The  lowest  organisms,  whether  plant  or  animal,  are  vir- 
tually aquatic;  for,  although  they  do  not  necessarily  always 
remain  in  a  liquid  medium,  they  become  quiescent  when 
moisture  is  withheld.  Very  many,  like  most  algae,  are  true 
aquatics,  and  it  is  safe  to  assume  that  the  progenitors  of  the 
higher  plants  lived  in  the  water.  The  nearest  approach  to 
these  ancestral  forms  which  have  survived  are  probably  cer- 
tain green  algae,  which  have  retained  much  of  their  primitive 
simplicity.  Much  the  greater  number  of  living  plants,  how- 
ever, have  given  up  the  primitive"  aquatic  habit  for  life  on 
land.  In  adapting  themselves  to  this  new  habitat  they  have 
contrived  to  exist  with  a  much  diminished  water  supply, 
which  has  enabled  them  to  outstrip  the  much  simpler  forms 
which  have  retained  their  old  aquatic  habit. 

The  change  from  the  primitive  aquatic  condition  to  the 
much  more  varied  conditions  of  terrestrial  existence  is  bound 
up  with  profound  changes  in  the  organization  of  the  plant 
body. 

MARINE     PLANTS. 

Of  the  existing  plants  which  have  retained  the  primitive 
aquatic  habit,  the  most  important  are  the  various  types  of 
marine  algae,  including  not  only  the  larger  seaweeds,  but  also 
the  minute  pelagic  forms  like  the  diatoms  and  Peridineae. 
Many  of  the  larger  seaweeds  are  very  much  better  developed 
than  the  simple  green  fresh-water  algae,  and  show  many  special 
modifications  associated  with  their  peculiar  environment. 
Not  being  subject  to  the  drying  up  which  threatens  all  fresh- 
water organisms  at  times,  it  is  very  rarely  that  marine  algas  de- 
velop any  form  of  resting  spores  such  as  are  so  common  among 
fresh-water  algas.  On  the  other  hand,  those  which  grow  be- 
tween tide-marks,  where  they  are  regularly  exposed  at  low- 
tide,  develop  mucilaginous  or  gelatinous  tissues,  which  pre- 
vent too  complete  loss  of  water.     This  is  especially  well  seen 
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in  the  large  kelps  and  similar  forms.  Some  of  these,  also, 
reach  an  enormous  size,  and  develop  leaves  which  are  often  pro- 
vided with  bladder-like  floats,  which  bring  them  to  the  sur- 
face when  they  are  exposed  to  the  light. 

Very  characteristic  are  the  minute  pelagic  plants,  especially 
the  diatoms  and  Peridineae,  which  are  important  constitu- 
ents of  the  plankton,  or  surface  life  of  the  sea.  These  float- 
ing plants  are  generally  provided  with  some  sort  of  buoyant 
apparatus,  evidently  an  adaptation  to  their  pelagic  life. 
Small  as  these  floating  algae  are  individually,  they  are  im- 
mensely important  to  ocean  life,  as  they  constitute  the  main 
source  of  food  for  the  hosts  of  animals  inhabiting  the  sea. 

The  great  subkingdom  of  Fungi  offers  many  interesting 
problems  bearing  upon  the  evolution  of  plant-forms,  but  there 
is  no  reason  to  suppose  that  anv  higher  types  of  plants  have 
ever  arisen  from  the  Fungi,  many  of  which  are  doubtless  plants 
of  comparatively  recent  origin.  Most  of  their  peculiarities 
are  associated  with  their  nutrition,  which  is  entirely  different 
from  that  of  typical  plants.  Not  having  chlorophyll,  they 
are,  like  animals,  dependent  upon  other  organisms  for  food. 
Consequently  all  fungi  are  either  saprophytes,  living  upon 
dead  organic  matter,  or  as  parasites  they  attack  living  animals 
and  plants. 

I  cannot  dwell  here  upon  the  extremely  difficult  problems 
connected  with  the  origin  and  affinities  of  the  fungi,  even  if  I 
felt  competent  to  discuss  them. 

THE    ORIGIN    OF    TERRESTRIAL    PLANTS. 

We  have  now  to  consider  what  causes  led  to  the  abandon- 
ment of  the  aquatic  habit  by  the  algae  ancestors  of  the  vascular 
plants,  and  how  this  radical  change  in  their  environment  has 
influenced  the  development  of  the  structures  of  the  higher 
plants. 

Nearly  all  fresh-water  plants  are  exposed  to  destruction  at 
times,  by  the  drying  up  of  the  bodies  of  water  in  which  they 
live,  conditions  which  are  never  met  with  in  the  life  of  most 
marine  organisms.  This  necessitates  some  means  of  surviving 
the  periods  of  drought,  and  has  resulted  in  the  development 
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of  various  devices  for  carrying  the  plants  through  from  one 
growing  period  to  another.  While  a  few  low  aquatics,  like 
Pleiirococcus  or  Oscillator ia,  may  become  completely  dried  up 
without  being  killed,  in  most  fresh-water  algae  there  are  pro- 
duced special  cells — spores — which  are  more  resistant  than 
the  vegetative  cells  and  survive  the  death  of  the  rest  of  the 
plant  body.  These  resting  spores  may  be  produced  non- 
sexually,  as  in  Nostoc,  or  the  "aplanospores  "  of  some  of  the 
green  algas;  but  more  commonly  they  are  the  product  of  the 
union  of  sexual  cells,  or  gametes,  and  may  be  generally  de- 
nominated "zygotes." 

This  condition  of  things  of  course  precludes  growth,  except 
when  an  abundant  water  supply  is  provided.  It  is  evident 
that  any  device  by  which  the  vegetative  life  of  the  plant  can 
be  prolonged  is  an  obvious  advantage. 

Some  such  contrivances,  of  a  simpler  kind,  are  seen  in  some 
of  the  lower  green  plants.  Thus  the  gelatinous  mass  in  which 
the  filaments  of  a  Nostoc  colony  are  imbedded,  or  the"pal- 
mella-stage"  of  some  Confervoideae,  offer  a  certain  amount  of 
resistance  to  the  loss  of  water,  and  serve  to  prolong  the  period 
of  vegetation.  Less  commonly  root-like  organs  are  developed, 
which  enable  the  alga  to  live  on  the  wet  sand,  penetrating  into 
it  and  drawing  up  water  from  below.  Species  of  Vanchcria 
and  Botrydiuin  exhibit  this  very  well. 

We  may  imagine  that  some  algal  form,  perhaps  related  to 
the  existing  Confervoideae,  adopted  a  similar  amphibious  habit, 
developing  rhizoids,  by  means  of  which  it  could  vegetate  on 
the  mud  after  the  subsidence  of  the  water  in  which  it  was  grow- 
ing, in  a  manner  analogous  to  that  exhibited  by  certain  amphib- 
ious liverworts  still  existing.  The  well-known  Ricciocarpus 
natans,  for  example,  lives  first  as  a  floating  aquatic,  but  may 
later  settle  on  the  mud,  as  the  water  subsides,  and  there  vege- 
tates much  more  luxuriantly  than  in  its  aquatic  condition. 

The  change  from  a  dense  medium  like  water  to  the  much 
rarer  atmosphere  necessitates  the  development  of  mechanical 
tissues,  to  give  the  plant  the  requisite  support  in  the  air. 
There  must  also  be  developed  devices  for  protecting  the  tis- 
sues  against   excessive   loss   of  water  due  to  transpiration. 
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Other  modifications  are  to  insure  economy  of  water  in  fertil- 
ization. 

In  submerged  aquatic  plants  water  is  absorbed  directly  by 
all  the  superficial  cells,  and  of  course  there  is  no  loss  due  to 
transpiration.  Moreover,  special  conducting  tissues  are  much 
less  important,  and  are  either  quite  wanting,  as  in  most  algae, 
or  much  less  developed  than  in  related  terrestrial  forms.  As 
soon  as  a  plant  becomes  terrestrial  there  must  be  provided 
organs  (roots  or  their  equivalent)  for  drawing  up  from  the 
earth  water  to  replace  what  is  lost  by  transpiration,  and  in  all 
but  the  simplest  forms,  special  conducting  tissues  to  facilitate 
its  transport.  In  the  lower  types  of  land  plants,  the  absorptive 
organs  are  usually  simple  hairs  (rhizoids),  but  these  are  quite 
inadecjuate  to  supply  a  plant  of  large  size,  and  consequently 
it  is  only  those  terrestrial  plants  which  are  provided  with  a 
true  root  system  that  have  succeeded  in  reaching  a  large  size. 
Even  in  the  lower  terrestrial  forms  the  rhizoids  do  not  monop- 
olize the  absorption  of  water,  but  many  of  them  are  able 
to  absorb  water  directly  through  the  leaves  or  through 
the  superficial  cells  of  the  thallus.  While  this  is  especially 
marked  in  many  mosses  and  liverworts,  which  are,  so 
to  speak,  more  or  less  aquatic  in  their  behavior  toward 
water,  it  is  bv  no  means  confined  to  them,  as  most  vascular 
plants  develop  structures,  seeds,  tubers,  bulbs,  etc.,  which  can 
absorb  water  directly.  Less  commonly  the  leaves  of  vascular 
plants  have  this  property.  This  is  especially  marked  in  var- 
ious xerophilous  plants,  such  as  the  Californian  gold-back  fern 
{Gymnogrammc  triangularis),  Selaginclla  riipestris  and  other 
species,  many  species  of  Tillandsia,  etc. 

As  all  botanists  know,  the  structural  differences  between 
aquatic  and  terrestrial  plants  are  very  marked,  but  there  are 
some  transitional  forms  wliich  illustrate  very  beautifully  the 
change  from  one  to  the  other,  and  the  efforts  of  the  plant  to 
adjust  itself  to  the  changed  conditions.  Thus  some  plants 
which  are  usually  strictly  aquatic,  such  as  some  water-lilies, 
ma\'  assume  a  nearly  terrestrial  condition,  the  long-stalked, 
floating  leaves  being  replaced  by  those  borne  upon  shorter 
upright  petioles. 
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The  primitive  aquatic  plants  are  either  unicellular  or  sim- 
ple cellular  plants  with  relatively  little  differentiation  of  parts, 
as  might  be  expected  in  organisms  living  in  a  relatively  uniform 
medium.  A  necessity  for  their  active  existence  is  an  abundant 
water  supply,  as  they  are  not  provided  with  any  adequate 
means  for  resisting  desiccation,  although  the  mucilaginous  or 
gelatinous  substances  in  which  their  cells  are  sometimes  im- 
bedded, serve  to  retard  for  a  short  time  the  loss  of  water  by 
evaporation,  when  they  are  exposed  to  the  air.  A  good  many 
of  the  lower  fresh-water  organisms  are  capable  of  becoming 
dried  up  without  losing  their  vitality,  but  of  course  their 
activity  is  stopped.  More  commonly  they  depend  upon  special 
resting  cells,  or  spores,  to  carry  them  through  periods  of 
drought  or  cold. 

In  exceptional  cases,  the  lower  algae  may  assume  an  am- 
phibious habit,  living  upon  wet  mud  instead  of  actually  in  the 
water.  Botrydinni  and  some  species  of  Vanchcria  develop  a 
simple  root  system  by  which  the  loss  of  water  by  transpiration 
is  made  good  so  long  as  the  soil  remains  moist;  but  these 
quickly  die  as  soon  as  the  mud  dries,  as  their  cells  are  not  pro- 
tected against  loss  of  water  by  evaporation. 

It  is,  however,  among  the  bryophytes,  or  mosses,  that  any- 
thing approaching  a  satisfactory  solution  of  the  problem  of  a 
terrestrial  existence  is  attained.  (I  am  leaving  out  of  account 
the  fungi.)  All  of  the  mosses  are,  to  a  certain  extent,  am- 
phibious, since  all  of  them  require  fir.st  water  in  order  that 
fertilization  may  be  effected.  A  small  number,  c.  g.,  Riccia 
iiuitans.  Riclla,  Fontinalis,  etc.,  are  genuine  aquatics,  and 
the  life  history  of  such  a  form  as  Ricciocarpns  iiatans  illustrates 
what  has  probably  been  the  origin  of  the  terrestrial  habit  in 
the  primitive  archegoniates.  Ricciocarpns  is  usually  a  float- 
ing plant,  but  it  not  infrequently  assumes  a  terrestrial  habit, 
sometimes  preliminary  to  developing  its  reproductive  organs. 
This  is  brought  about  by  the  subsidence  of  the  water  until  the 
plant  is  left  stranded  on  the  bottom.  Under  such  circum- 
stances it  grows  very  vigorously,  develops  numerous  rhizoids 
which  penetrate  the  mud  and  supply  it  with  water.  Ex- 
cessive loss  of  water  is  checked  by  the  development  of  a  cutic- 
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ularized  epidermis  covering  the  exposed  surface  of  thethallus. 
It  is  highly  probable  that  in  some  such  way  as  this  the  algal 
ancestors  of  the  first  archegoniate  plants  began  their  life  on 
land,  and  slowly  emancipated  themselves  from  the  necessity 
of  being  surrounded  by  water,  and  of  course  thus  became  more 
and  more  independent  of  the  drying  up  of  the  shallow  bodies 
of  water  in  which  they  grew.  In  this  way  the  vegetative 
period  would  be  much  prolonged,  and  would  give  the  plant  a 
great  advantage  over  its  aquatic  competitors,  and  thus  the 
terrestrial  habit  was  established. 

Some  liverworts  and  mosses  may  reach  considerable  size, 
a  foot  or  more  in  length  in  a  few  cases.  They  also  exhibit  a 
certain  amount  of  specialization,  corresponding  to  the  require- 
ments of  the  terrestrial  environment.  Well-developed  leaves 
are  present  in  nearly  all  true  mosses,  and  in  many  liverworts, 
and  in  one  order  of  the  latter,  the  Marchantiales,  the  plant 
body,  while  retaining  its  thallose  character,  develops  a  com- 
plicated assimilative  tissue,  with  stomata  of  a  peculiar  type 
not  found  elsewhere.  In  the  upright  forms  mechanical  tissues 
are  developed,  and  in  the  true  mosses  there  is  present  in  the 
leafy  shoots  a  central  strand  of  conducting  tissue,  comparable 
to  the  vascular  bundles  found  in  the  sporophytes  of  the 
vascular  plants.  Indeed  the  analogies  existing  between  the 
leafy  moss-shoot  and  the  sporophytic  shoots  of  the  vascular 
plants  are  sufficiently  obvious. 

No  existing  bryophytes  have  succeeded  in  reaching  any  but 
the  most  modest  dimensions.  All  the  larger  forms  either  are 
prostrate  or  grow  in  dense  tufts,  offering  mutual  support  to 
the  leafy  shoots.  Indeed,  no  moss  seems  to  have  c^uite  solved 
the  problem  of  a  self-supporting,  upright  leaf-bearing  axis. 
Neither  have  they  successfully  solved  the  problem  of  an  ade- 
quate water  supply,  to  compensate  for  loss  of  water  by  trans- 
piration, and  this  of  course  is  closely  associated' with  the  limit 
of  size  which  the  plant-body  can  assume.  Given  an  un- 
limited water  supply,  and  a  plant,  even  of  low  organization, 
may  attain  very  large  dimensions,  as  we  see  in  the  giant  kelps. 
Those  plants,  although  in  many  respects  of  ver}'  low  rank, 
nevertheless  may  reacli  hundreds  of  feet  in  length,  and  develop 
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specialized  tissues,  curiously  suggesting  those  of  the  highly 
organized  land  plants.  These  giant  seaweeds  absorb  water 
throughout  their  whole  superficial  area,  and  there  is  no  loss 
of  water  by  transpiration ;  but  for  a  terrestrial  plant  to  reach 
a  large  size  there  must  be  adequate  means  for  absorbing 
water  from  the  soil,  and  for  transporting  it  expeditiously 
through  the  plant  to  those  places  where  water  is  being  lost 
through  transpiration. 

In  the  highest  terrestrial  plants,  the  "vascular"  plants,  we 
meet  first  with  a  perfect  system  of  water-conducting  tissue. 
This  is  the  woody  portion  of  the  fibro-vascular  bundles,  com- 
posed of  the  characteristic  tracheary  tissue,  first  encountered 
in  the  ferns,  and  common  to  all  the  higher  plants. 

ORIGIN    OF    THE     SPOROPHYTE. 

Among  the  lower  terrestrial  plants,  the  Archegoniatse, 
which  comprise  the  mosses  and  ferns,  a  very  marked  char- 
acteristic is  the  "alternation  of  generations."  By  this  is 
meant  that  in  its  development  the  plant  passes  through  two 
very  different  phases,  a  sexual  and  a  non-sexual  one.  This 
is  perhaps  best  seen  in  the  ferns.  The  spore  of  the  fern,  on 
germination,  gives  rise  not  to  the  leafy  fern  plant,  but  to  a 
much  simpler  plant  much  like  a  small  liverwort,  upon  which 
the  sexual  reproductive  organs,  the  archegonium  and  anthe- 
ridium,  are  borne.  This  sexual  plant  is  known  as  the  gameto- 
phyte.  Within  the  archegonium  is  borne  the  egg-cell  or  ovum, 
which,  after  being  fertilized,  ultimately  produces  the  leafy  fern 
plant  or  "  sporophyte,"  so-called  from  its  producing  the 
spores,  or  non-sexual  reproductive  bodies. 

Among  the  lower  Archegoniates,  the  gametophyte  is  rela- 
tively much  more  important,  and  the  sporophyte  is  never  an 
independent  plant,  as  it  is  in  the  ferns,  but  always  remains  to  a 
greater  or  less  extent  dependent  upon  the  gametophyte  for 
its  existence. 

An  alternation  of  generations  is  hinted  at  among  some  of 
the  green  algae,  but  never  becomes  sharply  defined  as  it  is 
in  the  archegoniates.  Among  the  red  algse,  however,  it  be- 
comes clearly  marked,  and  also  in  many  fungi.      In  both  of 
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the  latter  cases  it  is  extremely  probable  that  we  have  to  do 
merely  with  analogies,  as  there  is  not  the  slightest  evidence 
of  any  genetic  connection  betv^^een  either  of  these  groups  and 
the  archegoniates. 

With  the  green  algae,  however,  the  case  is  somewhat  diff- 
erent, and  it  is  highly  probable  that  the  earliest  archegoniates 
arose  from  some  forms  not  very  different  from  Colcochcctc,  a 
green  alga  in  which  the  fertilized  egg  gives  rise  to  a  very  sim- 
ple sporophytic  structure. 

The  increase  in  the  output  of  the  zygote,  or  fertilized  egg, 
due  to  its  division  into  a  numlier  of  spores,  instead  of  forming 
at  once  a  single  new  individual,  is  an  evident  advantage  which 
becomes  increasingly  important  as  the  gametophyte  assumes 
the  character  of  a  terrestrial  plant,  and  the  chances  of  fertil- 
ization, which  requires  the  presence  of  water,  become  corres- 
pondingly lessened. 

There  are  two  theories  as  to  the  origin  of  the  alternation  of 
generations  among  the  archegoniates,  the  "homologous"  and 
"antithetic."  The  first  holds  that  the  non-sexual  sporophyte 
is  a  direct  modification  of  the  gametophyte  and  probably  arose 
from  it  as  a  vegetative  outgrowth.  The  antithetic  theory 
holds  that  the  sporophyte  always,  in  normal  cases,  arises 
from  the  fertilized  ovum,  and  is  a  further  development  of  the 
zygote  which  has  arisen  in  response  to  the  requirements  of  a 
terrestrial  existence.  There  is  not  time  here  to  consider  at 
length  the  relative  merits  of  these  two  theories.  In  a  special 
paper  before  the  Section,  I  hope  to  bring  this  matter  up  for 
discussion.  For  present  purposes  I  shall  assume  that  the 
latter  (antithetic)  view  is  the  correct  one. 

As  the  ancestors  of  the  archegoniates  left  their  original 
aquatic  habitat,  the  question  of  the  water  supply  became  of  the 
first  importance.  All  of  these  lower  land  plants  have  retained 
many  of  their  original  characteristics,  among  them  the  devel- 
opment of  motile  male  cells  (spermatozoids),  which  require 
free  water  in  order  that  they  may  reach  the  egg-cell  and  fer- 
tilize it.  That  is,  the  plants  are,  to  a  certain  extent,  am- 
phibious, and  must  return  to  the  water  in  order  that  fertil- 
ization may  be  effected.     It  is  very  clear,  then,  that  anything 
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which  tends  to  increase  the  number  of  spores  resulting  from 
the  developed  zygote  will  be  advantageous,  rendering  a  single 
fertilization  more  and  more  effective. 

The  alternation  of  sexual  and  non-sexual  plants  among  the 
green  algae  is  not  sharply  marked,  and  has  been  shown  to  be 
largely  a  matter  of  nutrition.  Nevertheless,  as  already  men- 
tioned, there  is  a  hint  of  an  alternation  of  generations  in  cer- 
tain forms  like  the  higher  Confervoideae.  In  these  the  ger- 
minating zygote  produces  a  larger  or  smaller  number  of 
zoospores,  which  give  rise  to  as  manv  new  individuals.  From 
some  such  form  as  these  in  all  probability  the  primitive  arch- 
eigoniates  arose.  As  these  became  distinctly  land  plants, 
the  motile  zoospores  resulting  from  the  zygote  of  the  algse 
gave  place  to  the  non-motile  spores  characteristic  of  the 
terrestrial  archegoniates;  but  of  any  transitional  forms  we  are 
quite  ignorant,  and  the  gap  between  algae  and  archegoniates 
is  a  very  deep  one. 

The  gradual  specialization  of  the  sporophyte  exhibited  by 
the  existing  liverworts  and  mosses  is  familiar  to  all  botanists, 
and  will  only  be  briefly  discussed  here.  Enough  to  say  that 
from  the  simplest  type,  a  globular  mass  of  spores,  with  almost 
no  sterile  tissue  developed,  such  as  occurs  in  the  Ricciaceae, 
there  are  still  found  almost  all  intermediate  conditions,  culmi- 
nating in  the  large  and  complex  sporogonia  of  the  true  mosses, 
and  the  somewhat  similar  but  much  simpler  one  of  Anthoceros. 

In  following  such  a  series  it  is  clear  that  spore-production, 
the  sole  function  of  the  primitive  sporophyte,  becomes  largelv 
subordinated  to  its  purely  vegetative  existence.  Thus  in  such 
a  moss  as  Polytricluini,  the  sporogenous  tissue  does  not  appear 
until  a  late  period  in  the  development  of  the  sporophvte,  and 
comprises  but  a  very  small  fraction  of  its  bulk.  An  elaborate 
system  of  assimilative  tissue,  with  lacunar  green  tissue  and 
stomata  like  those  of  the  vascular  plants,  is  developed,  and 
the  loss  of  water  due  to  transpiration  is  made  good  by  a 
strand  of  conducting  tissue,  which  represents  a  simple  type 
of  vascular  bundle. 

While  the  elaborate  sporophyte  of  the  mosses  offers  certain 
suggestions  of  the  structures  of  the  vascular  plants,  it  is  much 
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too  highly  specialized  in  other  directions  to  make  it  in  the 
least  probable  that  it  has  given  rise  to  any  higher  forms. 
The  equally  dependent,  but  much  simpler  sporophyte  of  the 
peculiar  group  of  the  Anthocerotales  is  probably  very  much 
more  like  the  forms  from  which  this  independent  sporophyte 
of  the  ferns  arose,  than  is  the  more  highly  developed  sporo- 
gonium  of  the  true  mosses. 

The  subject  of  the  gradual  elaboration  of  the  sporophyte 
cannot  be  dismissed  without  reference  to  the  very  important 
work  of  Professor  Bower,  whose  clear  exposition  of  the 
progressive  sterilization  of  the  tissues  of  the  originally  ex- 
clusively sporogenous  sporophyte  is  one  of  the  most  im- 
portant contributions  to  the  subject. 

When  we  review  the  extraordinarily  large  number  of 
resemblances  between  both  gametophyte  and  sporophyte 
in  the  ferns  and  liverworts,  the  weight  of  evidence,  to  my 
mind,  is  overwhelmingly  in  favor  of  assuming  a  real  genetic  con- 
nection between  the  two  groups.  To  say  "that  no  structures 
among  plants  seem  to  have  left  so  little  trace  of  their  origin 
as  do  the  leafy  sporophytes  of  Pteridophytes  and  Spermato- 
phytes,"  is  certainly  to  ignore  all  the  principles  of  comparative 
morphology.  When  we  reflect  that  the  reproductive  organs 
and  mode  of  fertilization  are  the  same  in  all  archegoniates ; 
that  the  early  divisions  and  growth  of  the  embryo  are  identi- 
cal; that  in  the  more  specialized  bryophyte  the  sporophvte 
develops  assimilative  and  conductive  tissues  strictly  com- 
parable to  those  of  the  Pteridophytes;  and  finally,  that  the 
spore  formation  is  identical  to  the  minutest  details;  surely 
such  a  statement  is  very  far  indeed  from  stating  the  truth. 

The  fallacy  of  the  arguments  based  upon  apogamy  has 
been  ably  refuted  by  Professor  Bower.  He  has  called  atten- 
tion to  the  fact  that  nearly  all  cases  of  apogamv  are  abnormal, 
and  occur  in  forms  where  the  sporophyte  normally  is  pro- 
duced from  the  egg.  It  is  also  noteworthy  that  the  greater 
number  of  cases  of  apogamy  occur  in  extremely  variable 
species,  such  as  the  crested  varieties  of  different  ferns  (c.  f^., 
Scolopcndrium  v^ilgarc  var.  ranmlosissimum).  Professor 
Bower  has  also  called  attention  to  tlie  fact  that  these  are  all 
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forms  belonging  to  the  highly  specialized  and  relatively 
modern  group  of  Leptosporangiatae.  If  apogamy  is  a  re- 
version to  a  primitive  condition,  it  is  strange  that  it  should 
occur  in  the  least  primitive  ferns,  rather  than  in  the  older 
types. 

I  think  we  may  fairly  class  the  phenomena  of  apospory 
and  apogamy  with  the  numerous  cases  of  adventitious  growths 
so  common  among  both  pteridophytes  and  seed  plants.  In 
these  the  whole  sporophyte  may  originate  as  a  bud  from  any 
part  of  the  plant.  Such  adventitious  shoots  may  arise  from 
leaves,  as  in  many  ferns,  Begonia,  Bryophyllum,  etc.;  from 
roots,  in  Ophioglossmn,  and  many  seed  plants,  e.  g.,  Populus, 
Robinia,  Anemone,  etc.,  or  even  from  sporangia,  as  in  the 
budding  of  the  nucellus  of  the  ovule  recorded  in  several 
cases  of  polyembryony.  Now,  no  morphologist  would  argue 
from  these  that  they  are  in  any  sense  reversions,  and  I  can- 
not see  why  the  case  of  apogamous,  or  aposporus  budding 
is  essentially  different. 

No  bryophytes  have  quite  emancipated  themselves  from 
the  aquatic  habit  of  their  algal  progenitors.  While  they 
may  often  dry  up  for  an  indefinite  period  without  being 
killed,  there  is,  nevertheless,  much  of  the  same  dependence 
upon  an  ample  water  supply  that  we  find  in  the  algas.  Al- 
though much  more  resistant  to  loss  of  water  through  trans- 
piration than  are  the  few  terrestrial  algae,  nevertheless  the 
bryophytes,  as  a  rule,  are  much  less  suited  to  a  genuine  ter- 
restrial habit  than  are  the  vascular  plants.  Much  the  same 
means  are  employed  by  many  bryophytes,  in  the  absorption 
of  water,  as  by  the  algae.  Water  may  be  absorbed  by  all  the 
superficial  cells,  the  roots  playing  a  minor  role  as  absorbents, 
except  in  those  forms  in  which  the  plant  is  a  prostrate  thallus, 
where  roots  are  often  developed  in  great  numbers.  These 
delicate  rhizoids,  however,  would  be  quite  inadequate  to 
supply  the  needs  of  a  leafy  stem  of  any  but  the  most  modest 
proportions.  In  a  few  bryophytes,  e.  g.,  Climaciii))t,  there 
are  rhizome-like  modifications  of  the  shoot,  which  may  to 
a  limited  degree  be  compared  to  roots,  but  any  proper  roots, 
like  those  of  the  vascular  plants,  are  quite  absent.     It  would 
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seem  as  if  nature's  attempts  to  adapt  the  originally  strictlv 
aquatic  gametophyte  to  a  radically  different  environment 
had  been  only  partially  successful,  owing  to  the  failure  to 
develop  an  adequate  root  system  to  restore  the  water  lost 
through  transpiration.  It  may  be  that  the  range  of  varia- 
tion any  structural  type  may  undergo  is  limited. 

If  we  accept  this  hypothesis,  it  may  help  to  explain  the 
significance  of  the  alternation  of  generations  as  developed 
among  the  archegoniates.  and  we  can  understand  why  the 
sporophyte  has  gradually  replaced  the  gametophyte  as  the 
predominant  phase  of  the  plant's  existence.  Attention  has 
already  been  directed  to  the  perfectly  well-known  fact  that 
sudden  marked  variations  may  appear  in  plants  without 
any  apparent  cause.  The  work  of  De  Vries  emphasizes 
this,  and  refers  all  radical  advances  in  structures  to  such 
mutations,  which  are  clearly  distinguished  from  the  varia- 
tions which  occur  within  the  limits  of  a  species,  but  which 
cannot  apparently  overstep  certain  limits. 

In  accordance  with  this  view  it  is  quite  conceivable  that 
the  first  appearance  of  the  leaf  upon  the  sporophyte  may 
have  been  comparatively  sudden — that  is,  there  may  not 
necessarily  have  been  a  long  series  of  preliminary  structures 
leading  up  to  a  true  leaf. 

It  has  been  urged  that  the  antithetic  theory  of  the  nature 
of  the  sporophyte  involves  the  sudden  appearance  of  a  new 
structure.  The  fallacy  of  this  claim  has  been  pointed  out  by 
Professor  Bower,  and  a  little  thought  will  show  that  no 
claim  is  made  of  the  sudden  appearance  of  a  new  structure. 
While  no  strictly  intermediate  forms  are  known,  there  is 
certainly  no  difficulty  in  seeing  the  essential  homology  be- 
tween the  rudimentary  sporophyte  of  such  an  alga  as  Coleo- 
chcBte  and  that  of  Riccia.  The  antithetic  theory  merely 
claims  that  the  structure  developed  from  the  zygote,  which 
at  first  is  devoted  exclusively  to  spore  formation,  gradually 
develops  vegetative  tissue  as  well,  and  finally  attains  the 
status  of  an  independent  plant. 

The  highly  organized  sporophyte  of  the  higher  archegoni- 
ates is  connected  with  the  lower  types  by  an  almost  con- 
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tinuous  series  of  existing  forms,  and  through  these  with 
the  still  simpler  structures  found  in  the  green  algae.  The 
increased  output  of  spores,  with  a  corresponding  number 
of  new  plants  resulting  from  a  single  fertilization,  is  an  obvious 
advantage,  and  undoubtedly  is  the  explanation  of  the  origin 
of  the  sporophyte. 

If  we  compare  the  sporophyte  of  even  the  simplest  liver- 
wort with  that  of  the  algae,  there  is  noted  an  essential  dififer- 
ence.  The  spores,  instead  of  being  motile  zoospores,  are 
non-motile,  thick-walled  structures,  adapted  to  resist  drying 
up — in  short,  the  sporophyte  is  a  structure  essentially  fitted 
for  an  aerial  existence.  Except  in  the  very  lowest  t3'pes, 
there  is  developed  a  special  massive  absorbent  organ,  the 
foot,  which  is  not  unlike  the  root  developed  in  the  higher 
types,  and  is  very  different  from  the  delicate  rhizoids  of  the 
gametophyte.  The  latter  always  shows,  to  a  greater  or 
less  degree,  its  aquatic  origin. 

From  the  time  that  the  sporophyte  has  attained  the  dignity 
of  an  independent  existence,  its  development  proceeded  on 
lines  verv  different  from  those  followed  by  the  essentially 
acjuatic  gametophyte.  As  we  have  seen,  the  efforts  of  the 
latter  to  assume  a  terrestrial  habit  have  met  with  only 
partial  success,  and  it  would  appear  that  nature  concluded 
to  try  again,  taking  as  a  starting  point  the  essentially  ter- 
restrial sporophyte,  which,  as  a  fundamentally  new  develop- 
ment, seems  to  have  proved  more  plastic  than  the  gameto- 
phyte. 

From  the  first,  and  this  I  believe  to  be  highly  significant, 
its  water  supplv  was  obtained  indirectly  through  the  medium 
of  a  special  organ,  the  foot.  It  is  not  important  for  a  con- 
sideration of  the  question  whether  the  foot,  in  all  forms,  is 
or  is  not  homologous — enough  that  we  find  for  the  first  time 
an  organ  sufficiently  massive  to  supply  all  the  water  needed 
bv  the  tissues  of  the  developing  sporophyte.  The  foot  is  a 
verv  different  organ  from  the  delicate  rhizoids  of  the  gamet- 
ophyte, and  much  more  like  the  true  roots  of  the  vascular 
plants,  which,  it  is  highly  probable,  arose  as  further  modi- 
fications of  the  foot  of  the  sporogonium  of  some  bryophyte. 
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With  the  massive  root  penetrating  the  earth  and  thus 
establishing  communications  with  the  water  supply,  the  sporo- 
phyte  becomes  entirely  independent.  The  possession  of  an 
apical  meristem  in  the  root  allows  of  unlimited  growth,  and 
gradually  the  extensive  root  system  of  the  higher  plants  has 
been  evolved,  keeping  pace  with  the  increase  in  size  of  the 
sporophyte,  which,  except  with  rare  exceptions,  obtains  its 
whole  water  supply  through  the  roots.  Correlated  with  this 
increase  in  size  of  the  sporophyte,  has  been  developed  the 
characteristic  conducting  tissues  which  constitute  the  vascular 
bundles.  While  rudimentary  vascular  bundles  are  found  in 
the  sporophyte  of  many  mosses  and  in  Anthoceros,  the  char- 
acteristic tracheary  tissue,  par  excellence,  the  water-conducting 
tissue  of  the  vascular  plants,  occurs  only  among  the  latter 
forms. 

With  the  establishment  of  the  sporophyte  as  an  indepen- 
dent plant,  the  gametophyte  serves  mainly  to  develop  the 
sexual  reproductive  organs  from  which  the  sporophyte  arises. 
While  the  gametophyte  among  the  lower  pteridophytes  is  a 
relatively  large  and  independent  green  plant,  sometimes  living 
for  several  years,  it  becomes  much  reduced  in  size  among  the 
more  specialized  heterosporous  types,  and  may  live  but  a  few 
hours,  as  in  species  of  Marsilia.  In  such  forms  little  or  no 
chlorophyll  is  developed  by  the  gametophyte,  which  de- 
pends for  its  growth  upon  the  materials  stored  up  in  the  spore, 
or  even  lives  parasitically  upon  the  sporophyte,  as  in  Sela- 
ginella,  thus  reversing  the  relation  of  sporophyte  and  gameto- 
phyte found  in  the  lower  archegoniates. 

All  of  these  modifications  are  in  the  direction  of  economy 
of  water,  in  accord  with  the  needs  of  a  more  and  more  pro- 
nounced terrestrial  habit. 

Just  as  heterospory  arose  independently  in  several  groups 
of  pteridojjhytes,  so  also  the  seed  habit — the  final  triumph  of 
the  terrestrial  sporophyte  over  the  primitive  aquatic  con- 
ditions— developed  more  than  once.  The  female  gameto- 
phyte, included  within  the  embryo-sac,  develops  without  the 
presence  of  free  water,  and  the  germinating  pollen-spore  also 
absorbs  the  water  it  needs  from  the  tissues  of  the  jnstil,  through 


482  SECTION    G. 

whicli  the  tube  grows  very  much  as  a  parasitic  fungus  would  do. 
Except  in  a  very  few  cases,  the  male  cells  of  the  seed  plants 
have  lost  the  cilia,  the  last  trace  of  their  aquatic  origin,  and 
are  conveyed  passively  to  the  egg-cell  by  the  growth  of  the 
pollen-tube. 

Once  firmly  established  as  terrestrial  organisms,  and  the 
problem  of  water  supply  solved,  the  further  development  of 
the  seed  plants  is  too  familiar  to  need  any  special  comment 
here.  The  great  importance  of  water  in  affecting  the  structure 
of  land  plants  is  seen  in  the  innumerable  water-saving  devices 
developed  in  the  so-called  "xerophilous"  plants,  seen  in  its 
most  extreme  phase  in  such  desert  plants  as  cacti,  or  in  the 
numerous  epiphytes,  like  many  orchids  and  bromeliads. 

In  short,  it  is  safe,  I  think,  to  assert  that  of  all  the  extrinsic 
factors  which  have  affected  the  structure  of  the  plant  body, 
the  relation  to  the  water  supply  holds  the  first  place.  The 
most  momentous  event  in  the  development  of  the  vegetable 
kingdom  was  the  change  from  the  primitive  aquatic  habit  to 
the  life  on  land  which  characterizes  the  predominant  plants 
of  the  present. 
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ADDRESS 

BY 

STEWART   CULIN, 

VICE-PRESIDENT    AND    CHAIRMAN    OF    SECTION    H    FOR     1902. 


AMERICA   THE  CRADLE  OF  ASIA.^ 


The  idea  that  America  is  a  new  world,  not  only  from  the 
view-point  of  European  discovery,  but  actually,  so  far  as 
concerns  its  inhabitants  and  their  civilization,  is  one  that 
has  been  accepted  almost  without  question.  It  is,  indeed, 
a  fundamental  notion,  having  back  of  it  all  the  impetus  of  re- 
ligious sentiment  and  historic  tradition.  Almost  from  the 
period  of  discovery,  learned  writers  have  endeavored  to  con- 
firm the  theory  of  an  Asiatic  immigration,  adducing  the  re- 
semblance of  the  arts,  religions,  and  symbolism,  and  the 
supposed  identities  of  the  language  and  physical  types  of  the 
Indian  with  those  of  the  inliabitants  of  Asia. 

Preoccupied  with  the  notion  that  America  is  the  new 
world,  they  have  seemingly  lost  sight  of  the  fact  that  these 
resemblances  offer  quite  as  good  proof  of  American  inter- 
course with  Asia  as  they  do  of  an  Asiatic  invasion  of  our 
continent. 

In  a  paper  "On  various  supposed  relations  between  the 
American  and  Asiatic  races,"  read  by  the  late  Dr.  Daniel 
G.  Brinton,  before  the  International  Congress  of  Anthropology 
in  i8g3,  after  reviewing  some  of  the  more  reckless  statements 
which  have  been  made  as  to  the  analogies  between  the  Eski- 
moan  and  Ural-Altaic  tongues,  and  as  to  the  traditions  of 
civilized  people  of  America  reporting  that  they  came  from 
Asia,  he  says:  "But  the  inner  stronghold  of  those  who  de- 
fended the  Asiatic  origin  of  Mexican  and  Central-American 
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civilization  is,  I  am  well  aware,  defended  by  no  such  feeble 
outposts  as  these,  but  by  a  triple  line  of  entrenchment,  con- 
sisting respectively  of  the  Mexican  calendar,  the  game  of 
Patolli,  and  the  presence  of  Asiatic  jade  in  America."  In 
conclusion,  he  declares  that  "up  to  the  present  time  there  has 
not  been  shown  a  single  dialect,  not  an  art  or  an  institution, 
not  a  myth  or  religious  rite,  not  a  domesticated  plant  or 
animal,  not  a  tool,  weapon,  game,  or  symbol,  in  use  in  America 
at  the  time  of  the  discovery,  which  had  been  previously  im- 
ported from  Asia,  or  from  any  other  continent  of  the  old 
world." 

I  have  quoted  the  above  extract  at  length  as  a  compre- 
hensive expression  of  the  opinion  to  which  the  more  con- 
siderable part  of  the  students  of  American  antiquities  have 
come  at  last.  Without  all  going  as  far  as  Dr.  Brinton  in 
claiming  absolutely  that  the  American  culture  must  have 
sprung  from  the  soil  of  this  continent,  the  more  serious  have 
abandoned  the  search  for  Babylonian,  Egyptian,  or  Chinese 
influences  underlying  the  ancient  civilization  of  America  as 
profitless  and  vain. 

At  the  same  time  there  remain  to  be  explained  the  curious 
and  bewildering  similarities  between  the  culture  of  the  two 
continents.  Many  of  them  may  be  referred  to  the  universal 
sameness  of  man's  physical  and  intellectual  necessities;  and 
others,  more  intricate,  may  be  dismissed  by  the  aid  of  some 
such  theory  of  psychological  identity  as  was  found  con- 
venient by  Dr.  Brinton.  But  there  are  other  parallels  which 
even  the  most  devoted  advocate  of  the  theory  of  independent 
origin  cannot  ignore — parallels  which  cause  one  who  rejected 
the  Asiatic  theory  of  American  origins  to  exclaim  that  "man 
is  what  he  is,  in  spite  of,  rather  than  on  account  of,  his  en- 
vironment." 

We  find  upon  the  Western  continent  things  not  only  simi- 
lar to  those  of  Asia,  but  precisely  identical  with  them;  things 
not  only  the  same  in  form  and  use,  but  in  source  and  de- 
velopment as  well,  and  at  the  same  time  so  empirical  and 
complex  that  no  theory  of  their  having  been  produced  in- 
dependently under  like  conditions,  of  their  being  the  products 
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of  a  similar  yet  independent  creative  impulse,  seems  longer 
tenable. 

If  we  reject  the  theory  of  Asiatic  origin,  there  are  two 
explanations  open  to  us:  First,  that  at  one  period  of  rnan's 
history  he  hati  certain  ideas  in  common  on  both  continents; 
that  his  customs  were  fundamentally  the  same  and  knew 
no  geographical  boundaries.  Second,  that  these  identical 
customs  originated  in  America,  and  were  disseminated  thence 
over  the  world;  that  the  American  culture,  no  longer  to  be 
regarded  as  sterile  and  unproductive,  must  be  given  its  due 
place  among  the  influences  which  have  contributed  to  the 
origin  and  development  of  our  own  civilization. 

In  supporting  the  latter  view  the  writer  is  aware  that  it 
premises  the  same,  if  not  a  higher,  antiquity  for  man  on  the 
American  continent  as  is  revealed  by  the  most  remote  histori- 
cal perspective  of  Egypt  or  Babylon ;  that  he  is  called  upon  to 
establish  the  American  origin  of  the  particular  things  to 
which  he  refers,  their  birth  and  subsequent  development  in 
America,  and  furthermore  to  demonstrate  the  probability 
of  their  transfer  from  America  to  other  civilizations. 

Let  us  turn  to  what  is  reputed  to  be  the  oldest  surviving 
book  in  Chinese  literature,  the  Yi  King  or  "Book  of  Changes," 
a  work  which  the  Chinese  revere  as  dating  from  the  twelfth 
century  B.  C.  This  curious  volume  is  a  treatise  on  fortune- 
telling  or  divination,  and  consists  of  sixty-four  magical  dia- 
grams, under  each  of  which  are  oracular  explanations.  The 
appendices  to  the  work  are  attributed  to  Confucius.  In  the 
practical  employment  of  the  Yi  in  fortune-telling,  fifty 
slender  polished  wood  or  ivory  rods  are  manipulated  between 
the  fingers  and  divided  at  random  into  two  bundles,  one  of 
which  is  then  counted  off  in  twos  around  an  eight-figured 
diagram.  A  series  of  determinations  are  made  in  this  way, 
which  are  finally  referred  to  one  of  the  sixty-four  diagrams 
of  the  Book  of  Divination,  and  the  forecast  gleaned  from  its 
explanatory  text.  The  process  is  described  at  length  in  the 
third  appendix.  Divination  with  these  splints  is  widely 
practised  at  the  present  day  by  the  literary  class  in  China, 
Korea,  and  Japan.     A  scholarly  treatise  on  the  subject  was 
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printed  in  Tokyo  in  1893,  and  one  may  still  see  the  fortune- 
teller with  his  bundle  of  splints  at  the  street  corners  in  Japa- 
nese cities. 

Now  the  splints  used  in  Asia  find  their  exact  counterpart 
in  America  in  the  gambling-sticks  used  by  many  tribes. 
Thus  in  Hupa  Valley,  California,  we  find  the  same  bundle  of 
fine  rods,  manipulated  in  the  same  way  by  rolling  in  the 
hands,  divided  at  random  into  two  bundles,  and  counted  off 
as  in  Asia,  the  only  difference  being  that  in  America,  instead 
of  divination,  we  have  a  game  in  which  another  player  guesses 
which  of  the  two  bundles  contains  either  the  odd  or  a  specially 
marked  stick.  Even  the  number  of  the  sticks  remains  practi- 
cally the  same.  This  stick-counting  was  the  celebrated 
game  of  "Straw,  or  Indian  Cards,"  which  the  early  writers  de- 
scribed among  the  Hurons.  It  extended  and  is  still  found 
among  tribes  from  the  Pacific  to  the  Atlantic  coast.  Edu- 
cated Japanese  have  frequently  expressed  admiration  to  the 
writer  at  the  beauty  and  suitability  of  the  American  imple- 
ments for  their  beloved  Yeki.  Lawson  tells  us  that  in  North 
Carolina  a  good  set  of  the  gambling-reeds  were  considered  as 
equivalent  in  value  to  a  dressed  doeskin. 

In  Asia  we  have  the  custom  with  its  literary  traditions, 
but  with  no  suggestions  or  explanation  as  to  the  origin  of 
the  bundle  of  splints.  In  China,  we  read,  the  stalks  of  a  plant 
— the  Ptarmica  siherica — were  anciently  used,  those  which 
grew  on  the  grave  of  Confucius  being  most  highly  esteemed 
In  America  it  becomes  apparent  that  the  splints  are  merely 
other  forms  of  the  large  gambling-rods,  such  as  are  found  on 
the  Pacific  coast — rods  which  with  their  bands  or  ribbons  of 
color  may  be  referred  to  the  similarly  marked  shaftments  of 
arrows,  from  which  they  are  clearly  derived. 

In  America  the  arrow  seems  to  have  been  the  chosen 
symbol  of  the  warrior,  of  the  man.  Among  the  Dakota  we 
have  a  description  of  the  making  of  painted  sticks,  each 
marked  for  a  warrior,  and  their  subsequent  use  in  gambling. 
The  game  of  "Straw"  among  the  Huron  was  rightly  desig- 
nated "Indian  Cards  "  because  their  gambling-sticks  not 
onlv  correspond  in  a  way  to  our  cards,  but  give  us  a  veritable 
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clue  to  the  ancestry  of  cards  themselves.  The  Korean  cards 
are  nothing  more  than  long  slips  of  oiled  paper,  each  bearing 
on  its  back  the  picture  of  a  feather,  and  designated  by  a  name 
meaning  "arrow,"  the  play  being  called  "Fighting  Arrows." 
On  their  faces  are  rude  scrawls,  numerals  from  one  to  nine, 
and  suit-marks  totemic  animals,  which,  according  to  their  tra- 
ditions, were  actually  figured  upon  their  original  bamboo 
cards.  In  America  the  arrow-derived  ribboned  gambling- 
sticks  of  the  Pacific  coast  are  divided  into  similar  animal 
suits,  and  some  of  the  sets  are  actually  engraved  with  animal 
figures.  It  is  clear  that  the  American  sticks  serve  to  explain 
the  derivation  of  the  Korean  cards.  But  that  is  not  all. 
The  narrow  playing  cards  (money  cards)  of  China,  with  their 
suits  of  nine  cards  each,  frequently  bear  the  old  notches  as 
numeral  and  suit-marks  at  the  ends,  and  are  clearly  the  legiti- 
mate descendants  of  the  arrow-derived  gambling-sticks. 
Their  suit-marks  became  money  denominations — with  pic- 
tures of  coin  derived  from  old  bank-notes,  and  grotesque 
figures  taken  from  the  illustrations  of  a  popular  novel.  And 
when  the  cards  were  made  broader,  they  were  so  suggestive 
of  the  designs  on  the  old  Spanish  packs  as  to  furnish  the  best 
available  explanation  of  the  source  of  European  cards,  the 
origin  of  which  has  hitherto  been  obscure. 

Leaving  the  subject  of  games  for  a  moment,  let  us  con- 
template this  use  of  the  arrow  as  the  symbol  and  emblem  of 
man.  It  is  one  of  those  universal  things  in  America  from 
which  we  cannot  escape.  The  baho,  or  prayer-sticks,  of 
Indian  ceremonial  appear,  from  archaic  forms,  to  have  been 
originally  arrows.  A  conventionalized  arrow  is  used  to-day 
in  China  as  the  man-representing  counter  in  the  game  of 
"Chief  of  the  Literati,"  and  as  the  notice-tablet  of  the  mer- 
cliant's  guild  hall.  Tlic  i)aper  visiting  card  of  eastern  Asia 
appears  to  have  had  the  same  line  of  descent.  The  Korean 
arrows  for  ceremonial  archery  bear  their  owner's  name  written 
upon  the  shaftment.  The  carved  arrow-derived  gambling- 
sticks  of  the  Pacific  coast,  taken  in  connection  with  the  cylin- 
drical pottery-stamps  of  farther  south,  not  unlikely  of  kin- 
dred origin,  furnish  us  witli  a  clue  to  the  explanation  of  that 
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interesting  symbol  of  authority  in  Asia,  the  seal  cylinder  of 
ancient  Babylonia.  Without  dwelling  upon  the  evidence 
afforded  in  the  early  Babylonian  writing,  it  is  sufficient 
to  say  that  the  suggestion  has  received  the  approbation  of 
the  distinguished  scholar  Dr.  Herman  V.  Hilprecht.  Pene- 
trate to  the  lowest  strata  of  the  historical  remains  of  Asia 
and  we  come  to  conditions  approaching  those  which  survive 
among  the  living  tribes  of  our  own  continent. 

It  is  not  my  object  here  to  emphasize  the  importance  of  the 
study  of  the  American  culture,  and  I  return  again  to  one  of 
the  most  striking  and  interesting  identities  that  have  been 
observed  in  the  two  continents  in  the  domain  with  which 
I  am  most  familiar.  I  am  constrained  to  speak  no  longer  of 
parallels  and  similarities,  but  of  identities.  One  of  the  uni- 
versal games  among  the  Indians  of  North  America  is  played 
with  four  or  more  two-faced  sticks  which  are  used  as  dice, 
the  counts  being  kept  upon  a  circuit,  which  varies  from  a 
simple  circle  of  stones  to  a  cross-shaped  diagram,  as  in  old 
Mexico.  Comparison  of  the  sticks,  and  of  the  many  other 
objects  substituted  for  them,  shows  that  they  were  originally 
split  cane  arrows.  The  game,  played  with  actual  split 
arrows,  survives  among  the  Indians  of  Zuni.  We  find 
this  game  in  Korea  played  in  the  same  manner,  with  the  same 
kind  of  sticks,  and  counted  around  a  circuit,  like  that  used 
by  the  Indians.  In  old  Mexico  marked  beans  were  employed 
as  dice,  as  among  the  Cherokee  to-day,  and  the  game  was 
known  as  Patolli,  being  none  other  than  one  of  the  triple 
line  of  entrenchment  which  Dr.  Brinton  ascribes  to  those 
who  defend  the  Asiatic  origin  of  Mexican  and  Central-Ameri- 
can civilization. 

Dr.  E.  B.  Taylor  first  called  attention  to  the  striking  re- 
semblance of  Patolli  and  the  Hindu  game  played  with  cowrie- 
shells,  called  from  its  count  Pachisi,  or  "twenty-five."  The 
similarity  is  here  not  in  the  dice,  but  in  the  board,  the  Hindu 
and  Mexican  cross-shaped  circuits  agreeing  so  closely  that  an 
independent  origin  seems  impossible.  After  a  careful  ex- 
amination of  all  the  forms  of  the  American  game  it  is  apparent 
to  the  present  writer  that  we  have  in  the  native  culture  all 
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contributory  and  formative  elements  that  led  to  its  inven- 
tion and  development.  It  is,  like  all  the  American  games, 
so  clearly  the  outgrowth  of  native  rituals  and  ceremonies,  so 
identified  and  bound  up  with  them,  that  we  have  no  reason 
to  believe  it  was  borrowed  directly  from  Asia — the  Asiatic 
forms,  of  which  there  are  many,  all  existing  along  lines  rep- 
resenting a  development  from,  rather  than  toward,  America. 
If  the  relation  be  that  of  parent  and  child,  the  parent,  it 
would  seem,  is  here.  Hence  the  fallacy  of  looking  for  traces 
of  Eastern  civilizations  upon  our  continent. 

It  is  a  well-known  fact  that  in  the  struggle  for  existence 
the  oldest  types  are  often  found  surviving  at  places  most 
remote  from  their  origin,  but  we  have  too  many  evidences  of 
the  orderly  development  of  this  game  in  America  to  regard 
it  as  the  case  in  point. 

Let  us  glance  at  another  of  the  Indian  games,  played,  like 
the  stick-dice,  by  all  our  tribes — not,  like  it,  a  game  of 
chance,  but  of  dexterity.  It  consists  in  throwing  darts  at  a 
rolling  hoop  or  wheel,  the  counts  depending  upon  the  position 
in  which  the  missiles  fall  with  reference  to  the  hoop.  It  is 
commonly  known  as  Hoop  and  Pole.  The  hoops  or  rings  are  of 
the  greatest  variety  of  form  and  material,  some  even  being 
made  of  stone,  but  all  may  be  traced  to  a  netted  hoop,  simula- 
ting a  spider-web,  the  game  being  bound  up  with  ceremonies 
connected  with  generation  and  fertility.  The  webbed  hoop 
leads  back  to  the  Spider  Goddess,  the  Earth  Mother,  and  was 
formerly  used  among  the  Pawnee  to  secure  plenty  of  buffa- 
loes. Among  the  Wasco  on  the  Columbia  it  is  played  with 
a  ring  of  bast  to  secure  a  good  run  of  salmon.  It  occurs 
among  the  Ainu  in  Japan,  where  John  Batchelor  describes  it, 
in  a  simple  form,  as  an  amusement  of  boys,  and  says  it  appears 
to  have  been  invented  to  teach  children  to  spear  salmon  in 
the  river. 

This  netted  spider-web  hoop  gave  rise  in  America  to  another 
simple  game  of  dexterity,  analogous  to  cup  and  ball.  From 
the  netted  hoop  caught  on  a  dart  or  pin  we  find  a  great  variety 
of  derived  forms,  all  leading  back  to  the  same  source,  and 
many  of  them  suggesting  the  original  idea  of  the  spider-web 
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of  the  spider  Mother  in  their  very  common  name  of  the 
"match-making"  or  "matrimonial"  game.  These  are  no  im- 
portations of  the  famihar  bilboquet  into  America.  On  the 
other  hand,  they  illustrate  the  possibly  remote  and  complex 
origin  of  what  is  now  a  simple  toy.  The  same  spider-web 
is  used  by  the  Indians  to  explain  the  cat's-cradle,  of  which 
they  have  countless  forms.  The  Zuhi  say  it  was  taught  by 
their  grandmother  the  Spider  to  the  Twin  War  Gods,  her 
grandsons. 

The  writer  has  undertaken  the  minute  and  systematic 
examination  of  those  fragments  of  ancient  rituals  which, 
in  accordance  with  common  usage,  we  designate  as  games. 
After  a  comprehensive  examination  of  all  the  games  of  the 
American  tribes,  it  appears  to  him  that  they  may  be  classified 
in  some  four  or  five  interdependent  and  related  groups,  in 
which  the  implements  employed  show  progressive  modification 
of  form,  suggesting  a  common  source  in  specific  ceremonies,  as 
well  as  a  geographic  centre  in  America  from  whicli  they 
probably  emanated.  The  ceremonies  were  divinatory,  and 
this  divination  I  would  explain  as  an  "experimental  sacri- 
fice." Tentatively  I  would  assign  the  geographical  centre 
to  the  arid  region  of  the  Southwest,  rather  than  to  Mexico  and 
the  higher  civilizations  of  Central  America. 

The  games  of  the  Eastern  continent — and  I  speak  now  not 
so  much  of  the  present  day,  but  from  what  we  know  of  the 
remote  past — are  not  only  similar  to,  but  practically  identical 
with,  those  of  America,  and  are  not  only  alike  in  externals, 
but,  if  we  may  so  apply  the  word,  in  their  morphology  as  well. 
And,  it  may  be  added,  they  extend  over  into  Asia  from  America 
as  expressions  of  the  same  underlying  culture.  They  belong 
to  the  same  culture. 

Man  evidently  wandered  far  and  wide  over  the  world  Ijefore 
history  began.  Shall  we,  with  our  American  explanations 
in  mind, — and  they  hold  good  not  alone  for  games,  which 
are  but  the  "stalking-horse"  of  the  student, — shall  we  not 
assent  to  the  claim  that  ancient  America  may  have  contributed 
to  an  extent  usually  unimagined,  her  share  of  what  is  now 
the  world's  civilization? 
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THE  PSYCHOLOGY  OF  THE  LABOR  OU  EST  J  ON. 


Sir  William  Hamilton  defines  psychology  as  the  science 
conversant  about  the  phenomena  of  the  mind,  or  conscious 
subject,  or  self.  It  is  also  the  science  of  the  human  soul — 
the  systematic  or  scientific  knowledge  of  the  powers  and 
functions  of  the  human  soul.  It  comprehends  a  vast  body 
of  facts  and  a  vaster  body  of  theories.  Its  theories  are 
inhnite,  like  hope;  its  facts  are  infinitesimal,  like  know- 
ledge. Yet,  through  metaphysical  reasoning  and  the  appli- 
cation of  the  known  elements,  the  advance  in  psychology 
has  been  great  indeed,  and  its  adjustment  to  human  affairs 
most  beneficent. 

The  labor  c|uestion  cannot  be  defined  so  easily  or  so  con- 
cretely, yet  any  definition  which  leaves  out  the  conscious 
subject  or  self,  or  ignores  the  systematic  or  scientific  knowledge 
of  the  powers  of  the  hviman  soul,  falls  far  short  of  a  due 
comprehension  of  the  questions  of  labor.  The  labor  question 
in  a  narrow  sense  is  one  thing;  in  a  broader  sense,  quite 
another.  It  is  very  much  a  matter  of  approach — of  how 
you  look  at  it.  To  the  union  seeking  an  advance  in  wages, 
wages  constitutes  the  labor  fiuestion;  or,  to  the  union  seek- 
ing reduction  in  the  hours  of  labor,  lessening  the  time  of  toil 
is  the  labor  fjuestion ;  and  so  it  is,  from  an  individual  point 
of  view,  a  many-sided  problem,  each  individual  feeling  that 
his  view  of  it  comy)rehends  the  whole  of  it. 

The  labor  question,  in  a  broad  sense  and  on  a  philosophical 
basis,    is   a    very    different    matter.      It    comprehends   nearly 
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all  of  the  attributes  of  human  nature;  it  comprehends  the 
struggle  of  the  human  race  for  a  better  and  a  higher  standard 
of  living.  It  is,  concretely,  the  restless  hope  of  mankind, 
and  it  springs  from  the  restlessness  which  God  implanted 
in  the  human  race  and  which  is  the  primal  cause  of  all  ad- 
vancement. 

Formerly  workingmen  made  the  demand  for  what  we 
understand  as  a  wage  rate  sufficient  to  keep  body  and  soul 
together — just  enough  compensation  for  labor  expended 
to  keep  the  human  machine  properly  lubricated — and  this 
gauge  of  the  wages  of  labor  was  known  as  the  iron  law  of 
wages.  To-day  the  demand  of  labor  comprehends  some- 
thing more  than  this;  it  is  a  demand  for  what  we  may  term, 
for  convenience  sake,  the  spiritualizing  influences  of  the  time. 
I  do  not  use  this  word  in  any  pietistic  sense,  but  in  the  sense 
comprehending  those  things  outside  physical  wants — educa- 
tion, art,  music,  leisure — everything  that  makes  a  man 
better,  everything  that  builds  him  up  and  raises  him  to  a 
higher  scale  of  civilization.  The  aesthetic  potentialities  of 
life  are  what  the  workingman  is  demanding  to-day,  and  he 
is  demanding  the  opportunity  for  a  better  life  through  higher 
wages  and  a  lessening  of  the  hours  of  labor. 

This  present-day  question  is  only  an  advance  of  the  old- 
time  labor  question,  which  began  with  the  Aryan  and  his 
race  encircling  the  earth.  Restlessness  drove  him  to  it. 
He  founded  cities,  he  built  nations,  he  crossed  oceans,  he 
discovered  and  peopled  continents,  but  it  was  the  inborn, 
divine  restlessness  implanted  in  him  that  drove  him  around 
the  earth;  and  this  restlessness  of  the  Aryan  epitomizes  the 
labor  question.  In  it  there  have  been  varied  phases,  a 
multiplicity  of  questions,  one  running  into  the  other,  and 
so  complicated  as  a  whole  that  it  has  been  impossible  almost 
to  differentiate  and  select  any  one  phase  of  it  and  say,  with 
this  solved,  with  this  problem  removed,  peace  and  pros- 
perity and  harmony  would  obtain  everywhere. 

In  this  struggle  and  in  this  epitomized  labor  question 
there  have  been  a  great  deal  of  suffering,  many  incongruities 
and  hardships,  and  these  in  turn  have  grown  up  not  only  as 
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the  result  of  the  conditions  prevaiHng  but  as  the  result  of 
belief.  The  power  of  belief  results  in  action.  If  a  man 
believes  that  he  is  being  wronged  it  is  nearly  the  same  with 
him  as  if  he  were  actually  being  wronged.  His  action  is 
taken  on  his  belief  with  just  as  much  assurance  on  his  part 
as  if  his  belief  were  crystallized  into  fact.  This  may  be  the 
result  of  heredity ;  it  may  be  the  result  of  birth  into  a  position, 
where  a  man  feels  held  and  bound  to  follow  the  occupation 
of  his  ancestors;  or  he  may  be  so  dulled  by  his  birth  into 
position,  by  his  heredity,  that  he  goes  through  life  filled  with 
apprehension,  tilled  with  a  belief  which  he  cannot  overcome, 
that  there  is  nothing  better  in  life  for  him. 

The  power  of  apprehension  in  industrial  matters  is  best 
illustrated  by  its  influence  in  producing  and  sustaining 
industrial  depressions — prolonging  them.  There  is  a  sus- 
picion, a  rumor,  of  insolvency,  of  unsoundness,  which  results 
in  action,  and  that  action  produces  the  depression;  and  the 
depression,  which  may  follow  a  financial  crisis,  is  mental; 
it  is  a  disease  as  much  as  it  is  an  effect  of  some  industrial 
cause.  We  have  seen  that  demonstrated  a  great  many 
times.  The  psychology  of  this  particular  phase  has  been 
illustrated  in  Dr.  Edward  D.  Jones'  valuable  work  entitled 
"Economic  Crises,"  in  which  he  has  a  chapter  on  The  Psy- 
chology of  Crises.  Dr.  Jones  remarks:  "As  this  science 
(political  economy)  treats  of  a  portion  of  the  social  activity 
of  man,  it  must  receive  as  a  part  of  its  premises  the  statement 
of  the  psychologist  regarding  the  individual  and  social  psy- 
chology of  man  and  apply  it  in  the  explanation  of  economic 
society." 

The  suspicion  of  the  soundness  of  a  bank  creates  a  run 
upon  it.  The  suspicion  of  the  soundness  of  a  business  house 
destroys  its  credit,  and  while  over-extended  credit  may  be 
the  immediate  cause  of  financial  crises,  resulting  in  industrial 
depressions,  that  apprehensiveness  which  preceded  all  is  the 
underlying,  psychological  cause  of  them.  We  remember  the 
Frenchman  who,  on  presenting  his  check  at  the  bank  (which 
he  supposed  could  not  pay)  and  finding  that  the  cashier  could 
pay  it,  said  instantly:  "If  you  can  pay,  I  do  not  want  the 
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money;  if  you  cannot  pay  it,  I  want  it  immediately."  That 
illustrates  the  psychological  aspect  in  a  whole  community  rela- 
tive to  business  enterprises  and  banking  generally. 

Yves  Guyot  has  expressed  himself  strongly  on  this  point  in 
his  statement,  similar  to  that  of  Dr.  Jones',  that  "  In  economy 
as  in  all  other  social  phenomena,  psychological  facts  play  an 
important  part.  It  is  because  they  have  not  been  sufficiently 
taken  into  account  that  we  have  had  so  many  erroneous  ex- 
planations of  commercial  crises."  And  our  own  writer,  Hor- 
ace White,  has  testified  that  "the  want  of  confidence  which 
upsets  commercial  calculations  and  brings  on  a  crisis,  is  the 
disturbance  or  rupture  of  a  commonly  received  notion  that  50 
cents  worth  of  goods  are  equal  to  a  dollar  in  gold."  It  is  the 
play  of  the  power  of  imagination  on  material  things. 

The  writers  I  have  quoted  have  touched  emphatically 
upon  a  great  truth.  In  my  own  study,  some  eighteen  years 
ago,  of  industrial  depressions  I  found  that  the  alleged  causes 
for  such  occurrences  were  quite  as  numerous  as  the  number 
of  men  who  alleged  them,  and  that  while  it  might  be  safely 
considered  that  undue  or  over-extended  credit — speculation — 
was  the  immediate  cause  of  a  financial  crisis  and  a  subsequent 
industrial  depression,  apprehension,  or  the  power  of  belief 
upon  action  was  the  real,  underlying  psychological  element, 
which  carried  industrial  depressions  to  such  disastrous  results. 
This  is  evidenced  by  the  fact  that  the  margin  of  production 
during  a  period  of  depression  and  a  period  of  prosperity 
does  not  vary  more  than  6  or  8  per  cent.,  and  that  employ- 
ment varies  in  like  proportion. 

The  statements  of  the  writers  to  whom  I  have  referred, 
relative  to  industrial  depressions,  bear  most  distinctly  upon 
the  labor  question,  as  labor  suffers  more  in  degree  during 
depressions  than  does  capital  and  is  far  more  apprehensive 
so  far  as  personal  wants  are  concerned. 

The  power  of  belief  upon  action  is  well  illustrated  where 
the  opportunity  for  injustice  exists.  This  opportunity  leads 
to  the  belief  that  injustice  does  exist;  hence  the  suspicious 
attitude  of  labor  and  capital.  This  is  well  demonstrated 
in  the  opportunity  for  injustice  in  the  prevailing  methods 
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of  paying  for  coal  as  it  is  mined.  Coal  is  paid  for  generally 
either  by  the  car-load  or  by  the  ton,  and  the  car-load  of 
coal  is  subjected  to  a  docking  system  in  order  to  offset  the  im- 
purities which  are  mined  with  the  coal.  The  miner  does 
not  complain  of  the  deduction  for  impurities  l)ut  he  does 
complain  of  the  proportion  of  docking  which  is  assessed 
agamst  him.  This  clearly  illustrates  the  thought  which 
underlies  my  statements.  Even  if  the  docking  is  absolutely 
just  and  accurate  in  every  respect  the  opportunity  for  in- 
justice exists,  and  the  miner  becomes  suspicious.  He  feels 
that  he  is  being  unjustly  dealt  v/ith  and  is  irritated  and 
annoyed,  and  he  undertakes  on  his  part  to  offset  the  docking 
system  by  cribbing;  that  is  to  say,  he  will  build  up  his  car 
with  large  pieces  of  coal,  putting  them  in  the  car  in  a  slanting 
position  or  bridging  them  over,  and  then  put  the  loose  coal 
on  top,  whereby  he  thinks  he  overcomes  the  injustice  of  the 
docking  boss.  Now,  the  employer  is  just  as  suspicious  of 
the  cribbing  as  the  employee  is  of  the  docking.  It  is  a  psy- 
chological question  clearly  and  entirely. 

So,  in  regard  to  what  we  now  understand  in  political 
economy  as,  perhaps,  one  of  the  most  serious  questions  in 
it — economic  insecurity;  that  is,  the  insecurity  which  comes 
from  the  lack  of  power  to  accumulate  sufficient  means  to 
carry  a  man  and  his  family  through  life  after  he  is  incapaci- 
tated for  work.  This  has  an  exceedingly  deep-seated  effect 
upon  the  workingman.  It  is  a  result  of  industrial  conditions, 
and  sooner  or  later  it  must  be  overcome;  but  it  causes  an 
anxiety  as  to  years  of  decadence  and  lack  of  capacity  which 
really  interferes  with  the  efficiency  of  the  man  before  that 
period  is  reached.     It  is  a  psychological  question. 

On  the  other  hand,  the  actions  of  workingmen,  when 
suggestions  are  made  for  the  betterment  of  their  condition, 
excite  a  psychological  power.  I  have  known  many  em- 
ployers who  have  suggested  profit-sharing,  or  some  other 
form  of  extra  remuneration,  to rneet  with  decided  opposition 
on  the  part  of  the  employees  because  of  the  suspicion  which 
lurked  underneath  it  all,  and  they  have  rejected  such  benefi- 
cent proposals  simply  because  they  believed  they  were  made 
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for  the  purpose  of  exploiting  them  to  a  still  greater  extent 
than  under  the  wage  system. 

There  have  been  some  very  recent  striking  illustrations 
of  this  suspicion,  when  efforts  have  been  made  to  give  wage- 
workers  some  share  of  the  profits  of  production.  I  need  not 
cite  all  these  illustrations,  but  two  of  them  will  be  used,  for 
they  carry  with  them  very  distinct  lessons.  One  relates 
to  an  employer  who  is  hard  in  many  ways  and  harsh  in  the 
management  of  his  works,  yet  he  had  the  disposition  to 
employ  philanthropic  methods  in  improving  the  condition 
of  his  employees  and  making  their  lot  somewhat  more  endur- 
able. To  carry  out  this  idea  he  established  a  club-house 
and  also  organized  a  corps  of  trained  nurses,  whose  services, 
when  employees  were  ill  or  suffering  from  accident,  were  to 
be  free.  Instead  of  accepting  the  services  of  the  nurses, 
they  were  looked  upon  by  the  employees  as  spies  of  the 
employer,  sent  purposely  into  their  homes  in  order  to  learn 
conditions  relative  to  food  and  general  living;  and  thus  the 
effort,  instead  of  being  beneficent,  as  it  was  intended  to  be, 
became  a  source  of  great  irritation  and  trouble. 

In  another  prominent  case,  where  the  employing  com- 
pany introduced  many  methods  whereby  a  better  condition 
was  secured,  or  at  least  intended,  the  men  became  suspicious 
of  the  motives  which  prompted  them  and  insisted  that  they 
were  instituted  simply  and  solely  for  the  purpose  of  prevent- 
ing any  organization  of  the  laborers  employed.  This  atti- 
tude became  so  pronounced  that  finally  there  was  a  strike 
in  the  works,  and  now,  although  this  concern  has  carried 
the  question  of  betterment  to  greater  extent  than  perhaps 
any  other  establishment  in  the  country,  it  is  boycotted  and 
freely  advertised  in  labor  papers  as  unfair. 

There  is  the  psychology  of  the  boycott  and  the  blacklist. 
The  boycott  and  the  blacklist  are  the  same  thing,  only 
originating  in  opposite  directions.  The  boycott  is  the 
weapon  of  the  workingman;  the  blacklist,  of  the  employer; 
and  whether  the  boycott  or  the  blacklist  really  exists,  there 
is  the  suspicion  left  on  the  part  of  the  two  elements  of  pro- 
duction that  thev  are  to  be  found  and  that  thev  are  effective 
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in  their  operation.     These  must  do  for  illustrations  of  what 
I  mean. 

I  have  tried  to  solve  by  the  statistical  method  some  of 
these  questions  where  the  psychological  elements  were  con- 
cerned, but  I  have  found  the  statistical  method  inadequate 
in  almost  every  direction.  In  many  directions  it  is  impos- 
sible to  ascertain,  by  the  statistical  method,  the  motive  for 
an  action,  although  it  may  be  possible  to  record  the  action 
and  a  million  kindred  actions  which  result  in  a  statistical 
conclusion.  Take  the  statistics  of  strikes.  It  is  easily 
ascertained  how  many  strikes  have  occurred  in  a  vear,  in 
what  industries  they  have  prevailed,  the  losses  of  the  em- 
ployers and  of  the  employees,  the  duration  of  the  strikes, 
and  all  that;  and  yet  with  all  this  array  of  statistical  tables 
we  have  not  touched  the  motive  underlying  the  strikes 
themselves — we  have  not  reached  the  psychological  power 
which  brings  the  strike  into  existence,  the  inborn  hope  for 
better  conditions. 

Another  illustration,  however,  proves  the  reverse,  and  the 
statistical  method  becomes  adequate.  This  was  well  shown 
in  the  Eleventh  Census,  in  the  statistics  of  mortgage  indebted- 
ness. There  the  causes  of  indebtedness  were  given,  and 
between  94  and  95  per  cent,  of  the  mortgages  recorded  were 
to  secure  helpful  results.  They  were  not  the  results  of  mis- 
fortune; they  were  for  the  purpose  of  extending  domain, 
increasing  a  plant,  educating  a  son,  or  in  some  way  improv- 
ing the  original  property,  thus  showing,  as  most  of  us  know 
through  observation,  that  a  mortgage  on  real  estate  is  usually 
an  evidence  of  prosperity  and  not  of  misfortune.  The  other 
5  or  52  psi"  cent.,  and  that  only,  represented  the  causes  which 
could  be  attributed  to  some  form  of  misfortune. 

It  must  not  be  understood,  when  I  say  that  a  mortgage 
on  real  estate  is  an  evidence  of  prosperity  and  not  of  mis- 
fortune, that  I  consider  debt  a  blessing,  for  debt,  in  the 
ordinary  conception,  is  a  hindrance  to  progress  and  a  burden 
to  the  man  who  incurs  it;  yet  debt  incurred  in  some  ways 
means  something  else.  For  instance,  a  man  having  one 
hundred    thousand    dollars'    worth     of    property    wishes    to 
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engage  in  some  business,  and  in  order  to  do  so  he  raises  a  loan 
of  fifty  thousand  dollars  on  his  property  and  invests  it  in 
some  active  undertaking.  Is  this  debt  an  evidence  of  mis- 
fortune, or  is  it  even  a  burden? 

In  another  case  a  wage-earner  is  able  by  his  savings  to  secure 
a  small  lot  of  land,  and,  having  paid  for  that,  through  a 
building  and  lonn  association  or  a  savings  bank,  or  through  the 
kindness  of  a  friend,  he  borrows  money  enough  to  erect  a 
little  cottage.  He  then  becomes  an  interest  payer  instead 
of  a  rent  payer,  but  by  his  savings  from  year  to  year  he 
reduces  his  rent,  which  he  is  paying  in  the  form  of  interest, 
until  finally  he  owns  the  property  free  and  clear,  and  he  has 
no  more  rent  and  no  more  interest  to  pay.  Is  such  a  debt 
a  burden,  or  is  it  a  blessing?  Is  it  an  evidence  of  prosperity 
or  of  misfortune? 

Writers  argue  that  property  is  to  be  secured  only  through 
rigid  economy — saving.  Very  well.  Is  there  any  better 
wa}'  than  through  the  illustrations  given?  There  is  the 
prospect  of  making  the  savings  efficient,  and  the  securing  of 
a  home  becomes  the  aim  and  the  ambition  of  the  family. 
Was  the  man  who  built  his  little  cottage  any  worse  off  after 
having  put  a  mortgage  on  his  land  than  before?  Was  he 
suffering  under  a  burden  of  debt  which  handicapped  him 
and  made  his  life  miserable?  Wherever  debt  is  incurred 
as  the  result  of  unfortunate  conditions,  of  extravagance  or 
recklessness,  then  it  is  a  burden  to  be  deplored;,  but  in  all 
cases  one  sees  the  psychological  result  proved  by  the  motive, 
and  in  the  statistical  presentation  cited  the  motive  was 
shown  by  the  statistics  themselves. 

Thirty  years  ago  I  thought  the  labor  question  a  concrete 
matter  that  might  be  solved,  but  whenever  I  have  thought  I 
was  approaching  a  solution  I  have  become  more  and  more 
impressed  with  the  fact  that  it  is  the  problem  of  the  human 
race  in  seeking  better  and  higher  conditions  of  life;  so  that 
now,  whenever  a  solution  is  suggested  to  me,  I  feel  as  I  do 
when  I  take  up  a  strange  volume  of  statistics.  The  dis- 
trust which  comes  from  the  suggestion  of  a  solution  and 
that   which    comes   from   the    examination   of   a    volume    of 
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statistics,  wnen  I  do  not  know  who  made  it  or  how  it  w^as 
made,  are  precisely  the  same,  and  they  cause  me  to  study 
deeper  and  ascertain  the  methods  and  processes  employed 
and  the  character  of  the  man  whose  name  is  on  the  title 
page  of  the  statistical  volume  and  the  experience  and  know- 
ledge of  the  man  who  suggests  a  solution  for  the  labor  prob- 
lem. So  that  I  have  not  that  interest  now  in  solutions  which 
I  used  to  have,  and  I  do  not  feel  that  a  solution  can  come, 
because  of  the  infinite  ramifications  of  the  whole  matter. 

I  do  not  wish  to  be  misunderstood  in  this  matter.  It  is 
true  that  the  conditions  which  surround  industry  at  any  one 
time,  and  which  constitute  for  that  time  the  labor  question, 
may,  and  can,  and  ought  to  be  removed,  in  so  far  as  they  are 
unhappy,  uneconomic,  or  disquieting;  and  so  the  solution  of  the 
labor  question  becomes  a  progressive  matter.  When  we  have 
removed  the  incongruous  or  unhappy  conditions  of  one  time 
we  find  ourselves  in  other  conditions,  with  an  increased  in- 
telligence surrounding  them  which  makes  them  as  important 
and  as  irritating  as  those  which  existed  at  a  prior  time  and 
wdiich  have  been  removed.  If  the  labor  question,  therefore, 
be  a  progressive  one,  if  it  be  epitomized  in  the  struggle  of 
humanity  to  secure  a  better  and  higher  standard  of  living, 
then  it  cannot  be  solved  on  any  permanent  basis,  for  each 
solution  opens  other  questions  of  a  higher  nature  than  the 
previous  ones.  This  is  an  evolution  of  human  conditions,  and 
the  conditions  which  each  age  brings  constitute  for  that  age 
the  labor  question;  they  are  the  results  of  the  hope  and  as- 
piration of  humanity  to  secure  better  environment. 

Whenever  one  says  that  there  is  no  solution  for  the  labor 
problem  except  through  growth,  through  intelligence,  through 
education,  through  a  better  understanding  of  all  the  motives 
wliicli  underlie  conditions,  he  is  usually  called  a  pessimist,  or  a 
man  without  hope,  because  he  does  not  see  that  some  of  the 
isms  of  the  day  are  ample  to  secure  full  and  complete  changes. 
Being  an  optimist,  I  cannot  accept  this  view. 

We  may  solve  the  sweating  system;  the  introduction  of 
the  factory  has  solved  it  except  in  one  industry.  Prior  to  the 
inauguration   of  the   factory   system   sweating  was   general; 
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now  it  is  concentrated  upon  one  or  two  industries.  The  exten- 
sion of  the  factory  system  will  solve  the  problem  so  far  as 
that  particular  phase  of  it  is  concerned;  but  will  it  solve  the 
labor  question  as  a  whole  ?  Can  the  labor  cjuestion,  as  a  whole, 
be  solved  when  each  age  brings  new  conditions  ?  This  is  what 
I  mean  when  I  say  I  have  no  faith  in  proposed  solutions  of  the 
labor  question.  They  are  temporary;  they  may  help  to  re- 
move a  single  bad  condition;  they  may  help  bring  abovit  an 
improvement  in  some  one  or  more  directions. 

It  is  just  like  the  question  of  crime  and  social  disorder. 
The  more  sensitive  we  become,  through  increased  knowledge, 
through  altruistic  feelings,  through  a  desire  to  help  in  every 
direction  those  who  are  struggling,  the  more  clearly  we  see 
and  the  more  thoroughly  we  feel  the  irritation  of  things  which, 
with  less  intelligence,  with  less  knowledge,  would  have  but 
little  effect  upon  us.  A  community  of  criminals  would  not 
recognize  crime,  or,  if  it  did,  would  not  institute  any  measures 
for  its  repression  or  punishment;  but  an  enlightened  com- 
munity, one  that  has  grown  out  of  the  crude  conditions  of  the 
past,  recognizes  moral  obliquity  and  is  constantly  providing 
means  for  its  repression.  This  statement  applies  to  the  labor 
question,  and  it  involves  far-reaching  psychological  study. 

Once  little  girls  working  all  night  long  would  not  have  ex- 
cited any  great  amount  of  interest.  To-day  the  public  con- 
science condemns  such  things,  because  it  is  more  keenly  alive 
to  unhappy  conditions  and  more  sensitive  to  all  violations  of 
the  moral  law  than  at  any  other  time  in  the  history  of  the 
world.  Hence  there  crowd  upon  us  questions,  both  social  and 
industrial,  that  would  not  have  been  recognized  without  the 
sensitive  conscience  that  now  exists. 

It  is  the  duty  of  governments,  as  well  as  of  individuals,  to 
undertake  to  comprehend  the  labor  question  on  the  broadest 
philosophical  plane  and  to  do  everything  that  can  be  done, 
both  economically  and  ethically,  to  remove  the  opportunities 
for  injustice,  to  establish  better  methods,  to  secure  to  workers 
an  increased  proportion  of  the  profits  of  industry,  and  to  insist 
that  society,  which  is  prosperous  only  when  industry  is  pros- 
perous, shall  in  some  rational  way  bear  the  burdens  of  the 
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men  who  make  industry  wiiat  it  is.  If  it  be  necessary  for 
the  well-being  of  society  that  men  in  industry  or  groups  of 
industry  must  risk  their  lives  and  imperil  their  health,  then 
society,  through  consumption,  should  guarantee  to  such  men  a 
return  which  will  protect  them  from  economic  insecurit}-, 
which  has  such  a  deteriorating  effect  upon  the  minds  of  the 
men  engaged. 

It  is  not  enough  to  say  that  because  physical  or  ch.emical 
tjuestions  have  been  solved,  there  is  a  solution  for  every  moral 
and  industrial  question.  Great  explorers  have  acted  upon 
theories,  as  did  Columbus,  and  men  who  said  that  Columbus 
was  a  foolish  man  were  acting  on  their  ignorance,  even  though 
Columbus  was  acting  on  a  theory  only  partially  developed. 
So  when  steam  was  applied  to  ocean  navigation,  and  a  steam- 
boat was  constructed  in  Liverpool  for  the  purpose  of  crossing 
the  Atlantic,  it  was  felt  that  even  though  the  boat  might  make 
a  start,  it  could  never  land;  and  on  the  evening  of  its  arrival 
in  America  a  distinguished  physicist,  giving  a  lecture  in  the 
city  of  Philadelphia,  stated  that  the  world  would  never  hear 
of  the  steamboat  which  was  to  have  left  Liverpool  on  a  cer- 
tain day,  because  it  was  a  physical  impossibility  to  propel  the 
boat  across  the  Atlantic  by  steam  power;  but  on  the  morning 
after  the  lecture  the  newsboys  were  crying  the  boat's  arrival. 

Such  illustrations  do  not  belong  to  a  progressive  question 
like  that  of  capital  and  labor,  involving  the  relations  of  em- 
ployer and  employee.  The  labor  question  reaches  deeper  than 
any  cjuestion  of  physics  or  that  of  any  other  realm  of  material 
adjustments.  Inventive  genius  is  one  thing;  the  psychologi- 
cal attributes  of  the  human  mind  another.  So  in  studying 
this  question  we  are  always  confronted,  not  with  material 
obstacles,  not  with  mathematical  problems,  not  with  what 
appears  to  be  physical  impossibilities,  but  with  a  w^all  of 
human  elements — ignorance,  skill,  capacity,  incapacitv — 
which  affects  the  economic  consideration  of  the  cjuestion ; 
and  with  a  wall  of  htiman  attribtites — want  or  desire,  fru- 
gality, prodigality,  hope,  love,  cupidity,  envy,  pride,  tem- 
perament— which  affects  the  ethical  consideration  of  the 
question.     We   may   be   able   to   settle   phases   of  the   labor 
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question  under  economic  laws,  but  the  results  are  not  satis- 
factory or  complete:  or  we  may  be  able  to  settle  phases 
under  ethical  laws,  but  the  results  are  not  satisfactory  or 
complete:  we  must  combine  all  these  with  psychological  phe- 
nomena. 

The  great  question  is  therefore  to  be  treated  by  one  per- 
fectly competent  and  thoroughly  equipped  in  economics, 
in  ethics,  and  in  psychology.  It  needs  that  metaphysical 
reasoning,  stud3^  and  analysis  which  only  such  equipment 
can  bring  to  it.  It  is  not  in  my  power  to  carry  this  question 
through  to  its  logical  conclusions;  I  have  not  the  ec|uipment. 
It  should  be  done  by  some  man  who  is  familiar  with  psy- 
chological laws  and  the  various  phases  of  the  labor  question 
as  well.  I  have  simply  hoped  to  suggest  this  line  of  work 
to  some  competent  man. 

It  has  been  attempted  in  a  brief  way,  for  a  few  years  ago, 
while  the  psychology  of  the  labor  question  was  interesting 
me,  Mr.  Wallace,  of  England,  brought  out  an  article  in  the 
Fortnightly  for  November,  1893,  entitled  "The  Psychology 
of  Labor  and  Capital,"  in  which  he  used  the  following  language: 
"Labor,  however,  must  beware  of  killing  the  layer  of  the 
golden  eggs.  Labor  may  attempt  to  pass  the  point  where 
its  own  strength  and  capital's  patience  break  down,  and 
an  encounter  ensue,  in  which  it  will  have  the  worst.  Ethic- 
ally, labor  seems  a  higher  thing  than  capital,  because  the 
essence  of  it  is  to  transfer  an  idea  from  itself  to  nature  and 
enrich  it  by  the  incorporation  of  a  human  conception,  while 
capital  merely  covets  nature  to  enrich  itself.  Labor  gives, 
capital  takes,  and  giving  is.  the  nobler  function.  Accord- 
ingly in  any  contest  organized  for  gain  alone,  labor  will  never 
make  way  against  capital.  It  has  not,  or  has  not  enough 
of,  the  inspiring  motive.  Being  positively  moral  in  its  nature, 
it  can  organize  for  justice,  but  if  it  outruns  justice  and  begins 
pressing  capital  to  death,  it  will  rouse  a  sense  of  justice  in 
capital  itself,  which  will  naturally  think  that  it  has  a  right 
to  live,  and,  moreover,  to  get  something,  and  a  good  deal, 
too,  for  its  trouble;  and  when  capital,  with  its  ordinary 
inspirations  thus  reinforced,  turns  upon  labor  in  self-defence 
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as  well  as  self-assertion,  with  its  full  powers  of  political  and 
practical  organization,  the  moral  and  artistic  fighting  quali- 
ties of  labor  will  make  but  a  very  poor  show. 

"  Life,  in  its  very  highest  form,  is  not  going  to  be  for  any  of 
us  a  rest  in  any  realized  ideal,  but  a  perpetual  pegging 
away  and  patching  away  at  a  very  imperfect  and  contin- 
ually wasting  actuality,  until  that  final  and  only  rest  comes, 
on  which  the  tragic  drawback  is  that  we  shall  not  be  aware  of 
it  when  it  has  arrived." 

In  this  matter  Mr.  Wallace  touches  very  keenly  the  lines  of 
study  which  should  be  carried  to  greater  extent  than  he 
seemed  willing  or  able  to  carry  them,  but  his  article  is,  as  my 
own  statements  are,  only  suggestive;  and  if  this  suggestive- 
ness  leads  some  one  into  a  careful  and  comprehensive  study  of 
the  psychology  of  the  labor  question,  I  shall  feel  that  the 
moments  I  have  devoted  to  it  have  been  productive  of  some 
good.  The  labor  question  is  with  us,  but  it  must  be  consid- 
ered upon  a  broad  and  philosophical  ba.sis  and  not  narrowly 
upon  certain  existing  phases. 
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THE  ORIGIN  AND  AIMS  OF  THE  NEW  SECTION  OF 
PHYSIOLOGY  AND  EXPERIMENTAL  MEDICINE. 


As  this  is  the  first  meeting  of  the  newly  established  section 
of  Physiology  and  Experimental  Medicine  of  this  Association 
it  is  appropriate  to  say  something  concerning  its  origin  and 
purposes.  Those  who  were  most  active  in  directing  the  re- 
cent efforts,  which  find  their  first  full  expression  at  its  present 
session,  to  increase  the  usefulness  of  the  American  Association 
for  the  Advancement  of  Science  by  making  it  more  broadly 
and  authoritatively  representative  of  science  in  America, 
naturally  desired  that  the  science  of  medicine  should  not  be 
without  some  representation  in  this  important  and  far-reach- 
ing scheme.  It  is  not  necessary  on  this  occasion  to  urge  the 
claims  of  medical  science  to  such  recognition  or  to  do  more 
than  point  to  the  history  and  achievements  of  the  "  Versamm- 
lung  Deutscher  Naturforscher  und  Aerzte"  as  an  example  of 
the  mutual  benefits  to  be  derived  from  such  association  of 
medicine  with  other  sciences.  One  point,  however,  may  be 
emphasized  in  this  connection.  In  this  country  and  under 
our  form  of  government  the  interests  of  science  are  peculiarly 
dependent  upon  public  opinion,  and  it  is  therefore  important 
that  this  opinion  should  be  properly  informed  and  directed. 
There  are  occasions  when  the  voice  of  science  should  V)e  forci- 
bly uttered  in  a  way  calculated  to  influence  governmental  au- 
thorities and  the  general  public.  This  Association,  bv  its  large 
membership,    nationally    re])rescntative    character   and    wide 
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scope  is  fitted  to  express  in  an  impressive  manner  accepted 
scientific  opinion,  and  it  may  be  important  for  medicine,  for 
science  and  for  the  public  welfare  that  medical  science  should 
be  represented  in  the  Councils  of  the  Association. 

The  determination  of  the  precise  way  in  which  medicine 
should  be  brought  into  organic  relation  with  the  Association 
for  the  Advancement  of  Science  is  attended  with  certain 
obvious  difficulties,  and  the  existing  solution  of  this  problem 
is,  I  think,  to  be  regarded  only  as  partial  and  tentative. 
The  plan  of  organization  of  the  Association  suggests,  if  it 
does  not  require,  the  formation  of  a  permanent,  separate 
section  representative  of  medicine  in  some  of  its  scientific 
aspects.  There  has  therefore  been  added  to  the  previously 
constituted  sections  a  tenth  one  designated  as  the  "Section 
of  Physiology  and  Experimental  Medicine,"  a  title  broad 
enough  to  include  all  but  the  purely  clinical  branches  of 
medicine. 

If  this  new  section  is  to  hold  separate  annual  sessions  with 
the  Association  for  the  reading  of  papers,  the  question  at  once 
arises  whether  there  is  any  need  for  what  will  be  practically 
a  new  national  medical  society,  and  whether  it  can  secure  the 
active  support  of  those  whom  it  is  desirable  to  interest  in  its 
work.  Many  of  us  think  that  the  limit  of  human  endurance 
has  about  been  reached  in  the  way  of  formation  of  local  and 
national  societies  devoted  to  medicine  in  its  general  or  in  its 
special  aspects,  and  under  such  circumstances  whoever  adds 
to  the  existing  burdens  of  this  kind  assumes  a  grave  respon- 
sibility. 

Another  consideration  is  that  the  efforts  to  secure  the  meet- 
ing with  the  Association  during  convocation  week  of  the 
various  national  societies  devoted  to  the  fundamental  medical 
sciences  have,  at  least  on  the  present  occasion,  met  with  al- 
most complete  success.  It  has,  therefore,  been  decided  at 
present  to  regard  the  meetings  of  these  societies  as  a  substi- 
tute for  special  scientific  sessions  of  this  Section  of  the  As.so- 
ciation,  and  certainly  no  programme  which  could  be  arranged 
for  the  Section  could  rival  in  interest  and  value  the  combined 
programmes  of  the  American  Physiological  Society,  the  Asso- 
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ciation  of  American  Anatomists,  and  the  Society  of  American 
Bacteriologists,  with  which  may  be  associated  such  kindred 
subjects  as  anthropology,  psychology,  microscopy  and  mor- 
phology, also  represented  by  special  societies.  The  only 
separate  meeting  of  the  Section  at  present  designed  is  that 
for  the  address  of  the  Chairman,  with  which  I  think  it  would 
be  well  to  combine  on  this  occasion  some  discussion  by  the 
members  upon  the  future  policy  of  this  Section. 

An  essential  part  of  the  plan  thus  briefly  outlined  is  that  the 
Chairman  of  the  Section,  being  by  virtue  of  his  office  one  of 
.the  Vice-Presidents  of  the  Association,  and  the  Secretary  be- 
come members  of  the  Council  of  the  Association,  and  thus  se- 
cure what  is  important  and  especially  desired — the  represen- 
tation of  medicine  in  the  deliberations  and  action  of  the 
Council. 

It  is  evident  from  what  has  been  said  that  the  organization 
of  this  Section  has  proceeded  only  so  far  as  the  path  seemed 
clearly  marked  out,  and  that  the  opportunity  is  open  for 
future  developments  along  whatever  lines  may  seem  best  to 
the  members  with  the  approval  of  the  Council.  It  is  possible 
that  it  may  be  deemed  expedient  to  adhere  for  some  time  to 
the  present  rather  limited  plan  of  organization,  but  I  should 
hope  and  expect  that  a  seed  has  here  been  sown  capable  of 
richer  fruitage  than  this  plan  now  contemplated. 

As  regards  our  future  policy,  I  may  be  permitted  to  make 
one  or  two  suggestions.  For  the  success  of  the  Section  it 
seems  to  me  most  desirable  to  secure  so  far  as  possible  the 
interest  and  support  of  the  existing  national  societies  which 
represent  the  fundamental  medical  sciences,  as  anatomy, 
physiology,  pathology,  bacteriology,  and  hygiene.  These 
societies  of  course  will  not,  nor  is  it  desirable  that  they  should, 
relinquish  their  independence,  but  they  will  greatly  aid  this 
Section,  and  I  think  find  it  advantageous  to  themselves  by 
continuing  to  meet  as  often  as  convenient  during  convocation 
week  at  the  same  place  with  tlie  Association  for  the  Advance- 
ment of  Science. 

A  most  important  ([uestion  seems  to  me  to  be  whether 
after  all  the  Section  may  not  be  made  more  useful  by  repre- 
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senting  some  aspects  of  medical  science  not  already  provided 
for  by  existing  societies.  There  has  been  a  surprisingly  large 
increase  in  the  membership  of  the  Association  during  the  past 
year  by  the  prompt  response  to  circular  letters  sent  to  members 
of  the  medical  profession  calling  attention  to  the  establish- 
ment of  the  new  medical  section  and  inviting  application  for 
membership.  A  large  proportion  of  these  new  medical  mem- 
bers are  practicing  physicians  who  are  not  likely  to  become 
connected  with  any  of  the  special  affiliated  societies.  While 
they  will  doubtless  find  much  to  interest  and  instruct  them 
in  the  proceedings  of  the  Association  and  of  its  sections, 
and  in  the  meetings  of  the  various  affiliated  societies,  as  well 
as  in  the  columns  of  the  weekly  journal  "  Science,"  they  may, 
I  think,  reasonably  expect  to  find  under  the  shelter  of  the 
Section  devoted  especially  to  medical  science  something  more 
nourishing  than  the  annual  address  of  the  Chairman. 

The  idea  has  suggested  itself  to  me  that  this  Section  might 
become  a  useful  and  influential  body  by  representing  the 
Science  of  Medicine  in  abroad,  as  distinguished  from  a  narrowly 
specialistic  sense,  with  particular  emphasis  upon  the  unity 
of  medical  knowledge,  upon  the  correlation  of  the  various 
special  medical  sciences  and  upon  the  relations  of  medicine  to 
other  sciences.  Specialization  has  been  undoubtedly  the 
great  instrument  of  modern  scientific  discovery,  nor  would  I 
be  understood  to  decry  it,  but  it  is  attended  with  certain 
generally  recognized  dangers,  and,  as  I  have  already  indicated, 
there  is  no  necessity  of  making  further  provision  for  societies 
devoted  to  the  specialized  medical  sciences. 

The  medical  section  of  this  Association  would  seem  to  be 
the  proper  place  for  the  realization  of  the  conception  which  1 
have  suggested,  and  upon  the  basis  of  this  idea  I  believe  that 
attractive  programmes  could  be  arranged.  For  example,  under 
the  auspices  of  this  Section  there  might  be  occasionally  joint 
meetings  of  certain  sections  and  affiliated  societies  for  the 
combined  discussion  of  subjects  of  mutual  interest  to  medical 
and  other  sciences,  and  communications  of  importance  to 
medicine  embodying  the  results  of  investigations  in  any  field 
of  science  would  be  appropriate  and  welcome.     Then  advan- 
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tage  could  be  taken  of  opportunities  here  offered,  which  are 
not  enjoyed  by  any  other  medical  society  in  this  country,  of 
meeting  with  investigators  in  all  the  sciences  of  nature  and 
of  man.  I  need  not  here  pause  to  specify  the  many  points 
of  contact  between  the  science  of  medicine  and  other  sciences. 
It  would  certainly  be  stimulating  and  profitable  to  hear  at 
first  hand  and  authoritatively  from  the  physicist,  the  chemist, 
the  engineer,  the  zoologist,  the  botanist,  the  anthropologist, 
the  embryologist,  the  psychologist,  the  results  of  investigations 
which  bear  upon  medicine,  and  on  the  other  hand  there  are 
many  medical  researches  of  which  the  reports  would  interest 
workers  in  other  sciences. 

There  are  so  many  subjects  which  could  be  illuminated  and 
furthered  by  their  joint  discussion  by  medical  men  and  other 
scientists  that  I  cite  almost  at  random  such  examples  as 
the  participation  of  physicists  in  a  consideration  of  the  scien- 
tific and  practical  applications  of  the  Roentgen  rays,  and 
Bequerel  rays,  of  chemists  in  similar  applications  of  physical 
chemistry  to  physiology  and  medicine,  of  zoologists  in  ques- 
tions relating  to  animal  parasites  and  the  spread  of  certain 
infectious  diseases  by  mosquitoes  and  other  insects,  of  bot- 
anists in  many  problems  relating  to  bacteria,  of  embryologists 
and  biologists  in  many  medical  questions  pertaining  to  fun- 
damental properties  of  the  cells,  of  psychologists  in  the  con- 
sideration of  nervous  phenomena,  normal  and  abnormal,  of 
sociologists  in  discussing  diseases  of  occupations  and  certain 
problems  relating  to  preventive  medicine,  of  engineers  with 
reference  to  bacteriological  and  hygienic  problems  connected 
with  the  important  subjects  of  water-supply  and  sewage- 
disposal.  Doubtless  other  equally  pertinent  examples  will 
occur  to  you,  but  I  have  said  enough,  I  trust,  to  make  clear 
my  general  ideas  upon  this  subject.  My  purpose  now  is  sim- 
ply to  point  out  for  your  consideration  that  there  are  fields, 
not  already  pre-empted  by  existing  societies,  which  this 
Section  with  industry  and  wise  management  may  cultivate 
with  good  prospect  of  a  rich  harvest. 

I  shall  not  in  this  address  follow  this  topic  further,  as  it 
seems  to  me  better  to  leave  to  the  deliberation  of  the  officers 
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and  members  of  this  Section  and  of  the  Council  of  the  Associa- 
tion the  detailed  elaboration  of  this  plan  or  of  any  other  plan 
which  may  be  suggested,  if  it  should  be  deemed  wise  to  ex- 
tend the  scope  and  work  of  the  Section.  Whatever  scheme 
is  adopted  it  should  be  sufficiently  elastic  to  permit  develop- 
ment along  those  lines  which  time  and  experience  clearly 
indicate  as  the  most  advantageous. 

[The  remainder  of  Dr.  Welch's  address  was  extemporaneous, 
and  he  informs  the  Secretary  that  he  has  not  been  able  since 
its  delivery  to  write  it  out.  It  was  devoted  to  a  consideration 
of  "the  relation  of  medical  science  to  other  sciences."] 


PAPERS  READ. 


[No  papers  were  read  before  Section  K  at  the  Washington 
Meeting,  those  submitted  having  been  referred  to  the  Medical 
Societies  meeting  in  affiliation  with  the  Association.] 
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The  fifty-second  annual  meeting  of  the  Association,  which  was 
held  in  Washington,  D.  C,  from  December  29  to  January  3,  was 
noteworthy  in  many  respects  as  marking  the  passage  to  a  new 
order  of  things  in  the  position  and  conduct  of  the  Association.  The 
total  enrollment  reached  989,  which  is  second  to  that  of  the  Boston 
meeting  in  1880,  when  997  were  enrolled,  and  to  that  of  the  second 
Philadelphia  meeting  in  1884,  when  1,261  enrollments  appear.  Of 
these,  however,  303  members  of  the  British  Association  represent 
complimentary  enrollments.  The  geographic  distribution  of  the 
members  in  attendance  \N;as  as  follows:  District  of  Columbia, 
354;  New  York,  133;  Massachusetts,  82;  Pennsylvania,  70;  Ohio, 
39;  Maryland,  38;  Illinois,  27;  Connecticut,  23;  Michigan,  22; 
New  Jersey,  19;  Wisconsin,  19;  Indiana,  16;  Virginia,  i4;JNorth 
Carolina,  13;  California,  12;  New  Hampshire,  10;  Missouri,  8; 
Canada,  8;  Nebraska,  7  ;  Minnesota,  7 ;  Vermont,  6;  Rhode  Island, 
4;  Tennessee,  4;  Kentucky,  4;  Iowa,  4;  Florida,  3;  Maine,  2; 
West  Virginia,  2;  South  Carolina,  2;  Georgia,  2;  Texas,  2;  Mon- 
tana, 2  ;  Colorado,  2  ;  Delaware,  i  ;  Wyoming,  i  ;  Arkansas,  i  ; 
Mississippi,  i;  Kansas,  i;  South  Dakota,  i;  Alabama,  i;  New 
Mexico,   I. 

Foreign  attendance:  Canada,  8:  England,  i;  Cc\'lon,  i;  Nica- 
ragua,  I. 

In  addition  to  these,  363  members  of  affiliated  societies  also 
registered  at  the  office  of  the  Association,  so  that  the  total  enroll- 
ment of  scientific  men  in  attendance  at  the  meetings  was  1,352, 
and  the  total  attendance  may  be  conservatively  estimated  as  not 
less  than    1,500. 

The  membership  of  the  Association,  which  had  reached  at  the 
Pittsburgh  meeting  a  total  of  3,473.  was  augmented  by  the  elec- 
tion at  this  meeting  of  392  additional  persons.      One  may  assert 


540  EXECUTIVE    PROCEEDINGS. 

with  reasonable  confidence  that  the  gathering  was  the  most 
representative  and  extensive  which  has  ever  been  held  under  the 
auspices  of  any  purely  scientific  association  in  this  country  and 
stands  in  favorable  comparison  with  any  similar  congress  in  other 
lands.  This  was  undoubtedly  due  in  part  to  the  advantages  of 
Washington  in  accessibility  and  attractiveness,  as  well  as  to  the 
large  number  of  affiliated  societies  which  co-operated  in  the  gather- 
ing. One  may  well  affirm  that  the  experiment  of  changing  the 
time  of  meeting  has  proved  a  distinct  success,  and  this  is  evident 
not  only  in  the  size  of  the  gathering  but  in  the  characteristic 
features  of  the  series  of  meetings  as  well. 

In  the  first  place,  it  was  noteworthy  that  the  attendance  was 
composed  in  great  majority  of  the  working  scientific  men  of  the 
country.  The  meetings  of  the  various  sections  were  well  attended, 
and  the  spirit  of  the  sections  was  one  of  work,  most  gratifying 
to  those  who  look  for  renewed  scientific  interest  and  activity  as  a 
result  of  the  change  in  policy  of  the  Association.  It  is  further 
noteworthy  that  the  number  of  affiliated  societies  has  been  increased 
by  the  addition  of  many  of  the  permanent  scientific  organizations 
of  the  country.  Such  an  assemblage  could  not  be  made  without 
numerous  and  even  serious  conflicts,  together  with  the  inconven- 
ience and  even  friction  which  is  attendant  upon  such  relations. 
While  this  was  noticeable  in  a  few  points  which  may  possibly 
result  in  the  temporary  withdrawal  of  a  few  organizations,  the 
advance  made  has  been  no  less  permanent  than  real  in  character. 

To  be  sure,  there  are  some  scienti^c  men  who  have  not  yet 
grasped  the  meaning  of  organization  in  scientific  fields,  and  to 
whom  the  temporary  inconveniences  of  an  affiliation,  the  minor 
details  of  which  have  not  yet  been  completed,  appear  to  over- 
shadow the  great  benefits  which  must  result  to  science  at  large 
from  the  strength  of  the  ultimate  vmion.  Despite  this,  the  broader 
view  has  appealed  so  strongly  to  the  members  of  most  sections 
that  amicable  relations  have  been  entered  into  between  these  and 
the  national  societies  of  technical  character,  and  there  has  resulted 
a  great  improvement  of  the  program  for  those  in  attendance  upon 
the  meetings  and  of  effort  and  influence  for  the  mutual  advance- 
ment of  the  organizations.  No  one  can  doubt  this  on  examina- 
tion of  the  programs  of  the  sections,  which  manifest  an  especially 
high  standard  in  the  character  of  the  papers  presented.  Those 
in  attendance  upon  future  meetings  may  look  with  confidence  to 
the  presentation  only  of  that  which  is  most  valuable  to  the  worker 
in  the  field  of  the  section.  The  marked  improvement  in  the 
character  of  the  contributions  can  only  be  demonstrated  by  the 
reports  of  the  secretaries,  which  have  been  published  in  Science. 
The  more  serious  character  of  the  meeting  was  directly  reflected  in 
the  marked  respect  paid  to  it  by  the  press,  and  the  period  during 
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which  the  influence  of  the  Association  will  be  commensurate  with 
the  importance  of  the  subjects  it  represents  may  be  confidently 
said  to  have  commenced. 

Despite  occasional  criticisms  of  individuals  as  to  the  excessive 
growth  of  machinery,  the  Association  still  needs  perfecting  in  some 
details  of  organization  in  order  to  handle  with  expedition  and  with- 
out friction  the  enormous  mass  of  business  incident  to  an  associa- 
tion of  such  wide  scientific  interests.  Many  details  might  prof- 
itably be  systematized  and  removed  from  the  hands  of  the  over- 
burdened secretaries,  to  be  discharged  in  routine  fashion  by  errand 
boys  or  clerks,  and  once  provided  for,  would  be  carried  out  through 
successive  years  as  a  matter  of  course  and  without  demand  upon 
the  time  of  any  officer  of  the  Association,  whose  energy  mav  better 
be  devoted  to  the  performance  of  the  scientific  duties  connected 
with  his  post.  Every  means  possible  should  be  employed  to 
enable  officers,  as  well  as  members,  to  lend  their  energies  to  those 
objects  for  which  the  Association  primarily  exists,  and  with  the 
perfection  of  this  machinery  will  cease  of  necessity  the  isolated 
criticisms  which  have  been  made  by  those  of  pessimistic  habit  with 
regard  to  the  over-organization  of  the  Association.  The  same 
machinery  which  was  adequate  to  provide  for  the  needs  of  an  organ- 
ization of  1,000  members  with  an  annual  attendance  of  200  will 
hot  suffice  for  an  association  of  four  times  that  size  and  attendance. 
The  sooner  scientific  men  profit  from  the  experience  and  practice 
of  successful  enterprises  in  the  world  of  business,  the  greater  will 
be  the  success  of  the  forward  movement  in  the  world  of  science. 

One  cannot  overestimate  the  part  which  is  being  played  in  this 
new  movement  by  the  affiliated  societies,  many  of  international 
renown,  which  have  come  into  relations  with  the  Association. 
Most  of  these  are  of  technical  character  and  are  establishing  with 
the  sections  desirable  relations  of  an  advisory  and  directive  type. 
This  they  are  well  able  to  do  by  virtue  of  the  professional  character 
of  their  membership,  and  American  science  may  confidently  ex- 
pect great  results  from  the  intimate  relation  in  which  such  societies 
stand  to  many  of  the  sections.  It  is  to  be  sincerely  regretted  that 
in  one  or  two  cases  the  spirit  of  the  movement  has  failed  to  reach 
other  organizations,  where  some  members  have  strongly  opposed 
the  cultivation  of  any  relations  whatever,  and  it  may  be  given  as 
more  than  an  individual  opinion  that  such  men  have  failed  to  give 
thoughtful  consideration  to  the  real  consequences  of  the  armed 
neutrality  which  their  position  invokes.  It  may  be  said  with  frank- 
ness that  even  before  such  organizations  some  matters  of  the  most 
trivial  character  are  presented,  while  the  section  programs  have 
to  offer  that  which  would  be  of  broad  and  genuine  interest  to  the 
members  of  the  society.  Both  sides  have  much  to  gain,  and  neither 
has  anything  comparable  or  even  considerable  to  lose  by  the  pro- 
posed entente  curdiale. 
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It  would  be  improper  to  pass  the  subject  of  these  affiUated  so- 
cieties without  reverting  in  a  word  to  one  of  an  entirely  different 
character  which  has  played  an  important  part  at  Washington. 
The  American  Society  of  Naturalists  has  performed  an  invaluable 
service  for  those  in  attendance  in  its  afternoon  discussion  on  the 
most  effective  use  of  endowments  for  scientific  research,  which  was 
participated  in  by  six  members  of  broad  view  and  striking  individ- 
uality, and  by  its  annual  dinner,  with  an  address  by  the  president 
on  the  characteristics  and  distribution  in  different  fields  of  Amer- 
ican men  of  science,  which  provoked  generous  and  general  dis- 
cussion of  the  questions  involved. 

Important  progress  was  made  toward  the  establishment  of  a 
permanent  policy  in  the  Association  by  several  amendments  to 
the  constitution  and  practices  which  were  put  into  operation. 
The  members  of  the  sectional  committees  were  elected  for  terms 
varying  in  length  from  one  to  five  years,  thus  insuring  the  contin- 
uance of  at  least  four  members  familiar  with  committee  work 
from  one  year  to  the  next;  the  secretaries  of  the  sections  were 
elected  for  terms  of  five  years  and  the  council  elected  nine  fellows 
at  large  for  varying  terms.  The  continuity  this  secures  in  the 
governing  body  of  the  Association  will  add  greatly  to  its  efficiency 
in  the  advancement  of  science. 

The  following  resolutions  of  importance  to  the  policy  of  the 
Association  were  discussed  and  adopted: 

Resolved,  That  any  section  is  hereby  authorized  to  arrange 
through  its  sectional  committee  for  an  independent  summer  meet- 
ing in  any  year  when  the  Association  fails  to  hold  a  summer  meet- 
ing; provided,  that  the  time  and  place  of  meeting  and  the  general 
program  be  approved  by  the  president  and  permanent  secretary 
of  the  Association  and  that  a  full  report  of  its  meeting  be  sent  to 
the  permanent  secretary.  The  expenses  of  any  such  meeting  to 
an  amount  not  exceeding  fifty  dollars  will  be  borne  by  the  Associa- 
tion. 

Resolved,  That  Section  E  is  hereby  authorized  to  suspend  its 
scientific  program  of  the  reading  of  papers  at  any  winter  meeting 
when  the  Geological  Society  of  America  meets  in  conjunction 
with  the  Association:  provided  that  the  Geological  Society  in- 
cludes in  its  program  the  papers  of  worthy  character  offered  bv 
members  of  the  section  who  are  not  Fellows  of  the  society. 

Resolved,  That  each  section  is  recommended  to  hold  during  each 
general  meeting  at  least  one  afternoon  session  when  a  program 
of  general  interest  shall  be  presented. 

It  was  recommended  that  the  elections  to  fellowship  be  an- 
nounced to  the  section  from  which  the  member  elected  had  been 
recommended. 

The  council  voted  unaniniously  to  increase  the  salary  of  the  per- 
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manent  secretary  from  $1,250  to  81,500  on  account  of  the  greatly 
increased  membership  of  the  Association  and  attendance  at  the 
meetings,  which  have  multiplied  the  duties  devolving  upon  the 
office. 

The  amendment  to  the  constitution  proposed  at  the  Pittsburgh 
meeting  and  printed  in  full  in  Science,  Volume  XVI,  page  42, 
was  adopted,  and  further  amendments  were  presented  altering  the 
word  "assessment"  to  "dues"  in  three  places. 

Resolutions  demonstrating  the  important  part  that  will  here- 
after be  taken  in  the  Association  by  the  newly  established  Section 
of  Physiology  and  Experimental  Medicine,  were  passed  as  follows: 

Resolved,  That  the  American  Association  for  the  Advancement 
of  Science  hereby  records  its  sense  of  the  great  loss  sustained  by 
science  in  the  death  of  Major  Walter  Reed,  surgeon  in  the  United 
States  Army,  and  its  appreciation  of  the  far-reaching  and  inval- 
uable services  which  he  has  rendered  to  humanity.  B}^  solving 
the  problem  of  the  mode  of  spread  of  yellow  fever,  Major  Reed  not 
only  made  a  great  contribution  to  science,  but  at  the  same  time 
conferred  inestimable  benefits  tipon  his  country  and  upon  man- 
kind. To  have  discovered  and  demonstrated  the  methods,  which 
have  already  been  successfully  tested  in  Cuba,  of  eradicating  a 
wide-spread  and  terrible  pestilence,  is  a  benefaction  of  imperish- 
able renown,  of  incalculable  value  in  the  saving  of  human  lives,  of 
vast  importance  to  commercial  interests,  and  deserving  of  the 
highest  rewards  in  the  power  of  his  countrymen  to  bestow.  This 
Association  earnestly  urges  upon  the  attention  of  Congress  the 
duty  of  making  full  provision  for  the  support  of  his  family. 

Resolved.  That  the  President  designate  a  committee  of  nine 
members  of  this  Association,  with  power  to  increase  its  number, 
which  shall  be  authorized  and  requested  to  devise  and  carry  out  a 
plan,  or  aid  in  similar  efforts  elsewhere  instituted,  by  which  a  suit- 
able and  permanent  memorial  of  this  great  benefactor  of  his  race 
may  be  secured.  This  committee  shall  be  authorized  to  prepare 
and  publish  a  statement  of  the  services  of  the  late  Major  Reed  in 
discovering  the  mode  by  which  yellow-fever  may  be  exterminated. 

The  following  members  were  appointed  by  President  Remscn 
to  serve  as  such  committee:  D.  C.  Oilman,  A.  Grahain  Bell, 
George  M.  Sternberg,  Seth  Low,  Abram  S.  Hewitt,  J.  G.  Schurman, 
S.   E.  Chaille,  W.   H.   Welch,  Charles  S.    Minot. 

The  second  resolution  was  as  follows; 

Inasmuch  as  the  construction  of  the  Isthmian  Canal  is  through 
a  region  in  which  without  energetic  sanitary  control  there  is  sure 
to  be  enormous  Icjss  of  human  life  from  preventable  diseases, 
particularly  from  pernicious  malaria  and  yellow  fever,  as  well  as 
great  waste  of  energy  and  of  money  fnun  disabilities  caused  bv 
such  diseases;  and 
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Inasmuch  as  the  measures  for  the  restraint  of  these  diseases, 
which  have  already  achieved  even  their  extermination  in  Cuba 
under  American  administration,  require  expert  knowledge  based 
upon  practical  familiarity  with  tropical  diseases,  experience  in  the 
application  of  these  measures,  and  large  authority  in  their  admin- 
istration ; 

Resolved.  That  the  American  Association  for  the  Advance- 
ment of  Science  begs  most  respectfully  and  earnestly  to  call  to  the 
attention  of  the  President  of  the  United  States  the  importance  of 
appointing  as  a  member  of  the  Isthmian  Canal  Commission  a 
medical  man  possessed  of  the  qualifications  indicated.  The 
Association  is  convinced  that  the  mere  emploj^ment  of  such  a  sani- 
tary expert  by  the  commission  will  not  be  likely  to  secure  the 
desired  results. 

Resolved,  That  the  Permanent  Secretary  of  the  Association 
transmit  a  copy  of  these  resolutions  to  the  President  of  the  United 
States. 

Section  F  recommended  to  the  council  the  following  resolution, 
which  was  adopted: 

The  American  Association  for  the  Advancement  of  Science 
heartily  endorses  the  plan  of  converting  the  Donnelson  estate, 
which  has  recently  be'come  the  property  of  the  State  of  Indiana, 
into  a  State  Reserve,  and  ui"ges  upon  the  legisla,ture  of  Indiana 
the  advisability  of  setting  aside  a  part  of  it  for  an  experimental 
farm  for  the  investigation  of  cave  animals  and  plants  by  Ameri- 
can  naturalists. 

The  grants  recommended  by  the  council  and  announced  to  the 
general  session  were  as  follows: 

To  the  Committee  on  the  Atomic  Weight  of  Thorium,  .$50. 

To  the  Committee  on  Anthropometry,  $50. 

To  the  Conciliiim  Bibliographicum,  $100. 

The  following  reports  of  committees  were  submitted  and  adopted : 

Twenty-first  Annual  Report  of  the  Committee  on  In- 
dexing Chemical  Literature. 

The  Committee  on  Indexing  Chemical  Literature,  appointed  by 
your  body  at  the  Montreal  meeting  in  1882,  respectfully  presents 
to  the  Chemical  Section  its  Twenty-first  Annual  Report,  covering 
the  twelve  months  ending  June   i,   1903. 

WORKS    PUBLISHED. 

An  Index  to  the  Literature  of  Thorium  (181  7-1902).  By  Cavalipr 
H.  JouET,  Ph.  D.  Smithsonian  Misccllaneovis  Collections,  No. 
1374.      Washington  City.   1903. 
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References  to  Capillarity  to  the  end  of  the  year  1900.  Bv  John 
Uri  Lloyd  (aided  by)  Sigmund  Waldbott.  Bulletin  No.  4 
of  the  Lloyd  Library  of  Botany,  Pharmacy  and  Materia  Medica. 
Cincinnati,   Ohio,    1902.      212    pp.  8vo. 

The  665  "references"  extend  from  1519  to  1900;  each  is  accom- 
panied by  a  summary  of  the  contents  of  the  paper  cited. 
The  'Journal  of  the  American  Chemical  Society.      General  Index  to 
the   first  twenty  volumes,    1879-1898,   and  to  the   Proceedings, 
1877-1879.      Easton,    Pa.,    1902.      237    pp.    8vo. 
Though   issued   anonymously   the   Preface   bears   the   initials   of 
E.   W.   Morley,  and  O.   F.  Tower,  and  the  labor  was  one  of  love. 
Accuracy  of  detail  and  adequate  treatment  on  every  page  are  its 
admirable   features.      Besides   an  index  of  Authors  and  an  index 
of    Subjects  there   is  an   index  of   Obituaries  which  is  suggestive. 
Also   an  index  of  new  books. 

NOTES    ON     FOREIGN     BIBLIOGRAPHIES. 

A  Bibliography  of  Steel-works'  Analysis  by  Harry  Brearley  forms 
an  Appendix  to  the  volume  entitled  "The  Analysis  of  Steel- 
Works  Materials,"  b}'  Harry  Brearley  and  Fred.  Ibbotson. 
London,   1902. 

This    Bibliography    comprises    1858    references,    which    occupy 
more  than    130  pages   8vo.      The  items  are  grouped  under  seven 
heads,  besides  minor  subdivisions;   the  literature,  is,  however,  very 
incomplete,  being  confined  to  four  British  Journals. 
A    Catalogue   of  the  Library   of   the    Chemical   Society   [of  London]. 
Arranged  according  to  Authors  with  a  subject  Index.      London, 
1903.      8vo.      324   pp. 
International     Catalogue    of    Scientific     Literature.      First     Annual 
Issue   [for  the   year    1901].  ,  D.    Chemistry.      Published   for   the 
International  Council  by  the  Royal  Society  of  London.      London, 
1902.      Vol.    II.      Part    I.      June,     1902. 

WORKS    in    progress. 

A  second  Supplement  to  the  Select  Bibliography  of  Chemistry, 
by  Dr.  H.  Carrington  Bolton,  has  been  completed  and  accepted 
for  publication  by  the  Smithsonian  Institution.  It  brings  the 
literature  down  to  the  end  of  the  year   1902. 

An  Index  to  the  Literature  of  Cadmium  has  been  begun  byProf. 
Ernest   N.   Pattec,  of  Syracuse   University. 

An  Index  to  the  Literature  of  Glucinum  has  been  begun  by 
Prof.  Chas.  L.  Parsons,  of  New  Hampshire  College,  Durham,  N.  H. 

An  Index  to  the  Literature  of  Germanium,  Gallium,  and  Indium 
has  been  begun  by  Dr.  Philip  E.  Browning,  of  New  Haven,  Conn. 
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Mr.  Frank  R.  Fraprie,  writing  from  Munich,  Bavaria,  reports 
substantial  progress  on  an  Index  to  the  Literature  of  Lithium, 
Caesium,   and   Rubidium. 

Mr.  Benton  Dales  is  engaged  on  an  Index  to  the  Literature  of 
the  Yttrium  Group  of  the  Rare  Earths.  His  address  is  Ithaca, 
N.  Y. 

H.    C.A.RRINGTON    Bolton     (in    Europe), 
F.   W.   Clarke    (in   Europe), 
Albert    B.    Prescott, 
Alfred    Tuckerman, 
H.    W.    Wiley. 
June    ist,    1903.  Committee. 

Report  of  Committee  on   Atomic  Weight  of  Thorium. 

To  the  Council  of  the  Aj)!ericau  Association  for  the  Advancement  of 

Science. 
Gentlemen: 

Our  initial  [report,  presented  at  the  Pittsburg  meeting,  con- 
sisted of  a  statement  of  the  preparation  of  several  kilograms  of 
chemically  pure  thorium  compounds  to  be  used  in  the  work. 
The  Committee  begs  leave  to  report  at  present  that  Messrs.  Chas. 
Baskerville  and  R.  O.  E.  Davis  in  prosecuting  the  work,  instituted 
a  series  of  experiments  looking  to  an  improved  method  for  halogen 
determination,  that  a  simple  compound,  as  thorium  tetrachloride, 
containing  but  two  elements,  might  be  used  in  establishing  the 
atomic  weight  of  thoritim.  Their  results  are  presented  before 
Section  C  at  this  meeting. 

With  pure  material  prepared  and  a  satisfactory  method  at 
hand,  these  gentlemen  hope  to  present  final  results  at  the  next 
meeting  of  the  Association.  The  Committee  therefore  reports 
progress. 

Respectfvilly  submitted. 

Chas.     Baskerville,     Chairman, 
F.  P.  Venable, 
Jas.    Lewis    Howe, 
Committee  on  the  Atomic  Weight  of   Thorium. 

Report    of    the    Committee    on    Anthropometry. 

This  cominittee  begs  to  report  that  anthropometric  researches 
have  been  continued  at  Columbia  University  under  the  direction 
of  its  New  York  members  and  with  the  co-operation  of  Professor 
Farrand,  Professor  Thorndike,  Dr.  Wissler,  Mr.  Bair,*  Mr.  Davis 
and  Mr.  Miner.  Tests  have  been  made  on  the  freshmen  entering 
the  college,  calculations  have  been  carried  out  on  measurements 
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of  school  children,  and  new  determinations  of  the  mental  traits  of 
school  children  have  been  made  and  correlated.  The  chairman 
of  the  committee  has  carried  forward  an  extensive  anthropo- 
metric stud)^  of  American  men  of  science,  the  preliminary  results 
of  which  formed  the  subject  of  his  address  as  president  of  the 
American  Society  of  Naturalists.  An  anthropometric  laboratory 
has  been  arranged  at  the  present  meeting  of  the  Association,  with 
the  $50  appropriated  at  the  Pittsburgh  meeting  for  the  purpose, 
and  tests  of  the  physical  and  mental  traits  of  members  are 
being  made.  We  ask  that  this  committee  be  continued  and  that 
a  further  appropriation  of  S50  be  made  in  order  that  a  similar 
laboratory  may  be  arranged  at  the  next  meeting  of  the  Association. 

J.       McK.       C.\TTELL, 

W    J     McGee, 
Fr.\nz   Boas. 


Report  of  the    Co.mmittee  on  the  Study   of   Blind  Ver- 
tebrates. 

Council,    American    Association    for  the  Advancement    of    Science- 
Gentlemen: 

In  behalf  of  the  committee  on  cave  investigation,  I  beg  leave  to 
submit   the   following   report  of   work  in  hand  and  contemplated: 

The  most  important  single  item  of  interest  is  the  discovery 
that  there  are  two  instead  of  one  species  of  Typhlichthys  south  of 
the  Ohio  river.  I  secured  the  second  species  at  Horse  Cave, 
Kentucky,  in  numbers  and  under  conditions  that  practicallv 
insure  the  securing  of  a  complete  series  of  individuals  illustrating 
the  life  history  from  the  egg  to  old  age. 

A  colony  of  Amblyopsis  has  been  successfully  transplanted  to 
a  cave  within  five  miles  of  my  laboratory,  where  they  are  breeding. 

A  preliminary  examination  of  the  eyes  of  the  Cuban  blind  fish 
shows  that  the  amount  of  ontogenetic  degeneration  is  very  great, 
and  that  the  variability  of  this  useless  organ  is  all  and  much  more 
than  the  cessation  of  natural  selection  would  lead  one  to  expect. 

With  an  assistant  I  have  undertaken  a  series  of  measurements 
of  the  physical  conditions  of  Mammoth  Cave,  chiefly  of  the  air 
currents  at  the  entrance  and  in  different  galleries  of  the  cave,  and 
the  temperature  in  a  series  of  places. 

The  colony  of  Amblyopsis  planted  in  an  outdoor  pool  has  come 
to  grief.  It  demonstrated  beyond  a  doubt  that  the  cave  verte- 
brates can  be  colonized  in  open  pools,  and  this  should  be  done 
at  once. 
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There  is  a  balance  of  about  $45  on  hand  out  of  the  $75  appro- 
priated at  the  last  meeting. 
Respectfully  submitted. 

C.     H.     ElGENMANN. 


Report  of  the  Committee  on  the  Quantitative  Study  of 
Biological  Variation. 

The  most  important  events  relating  to  the  study  of  variation 
that  have  occurred  during  the  past  two  years  have  been  the  estab- 
lishment of  the  journal  Biometrika,  the  foundation  in  America  of 
a  Society  of  Plant  and  Animal  Breeding,  the  completion  of  the 
first  volume  of  De  Vries' "  Mutationsteorie,"  and  the  rediscovery 
of  Mendel's  Law  of  Hybridity.  Especially  the  latter  two  events 
have  awakened  a  strong  tendency  toward  the  experimental  study 
of  evolution. 

During  the  last  four  months  the  recorder  has  visited  many  of 
the  experimental  evolutionists  of  Europe.  While  the  total  work 
on  this  subject  in  Europe  is  of  the  greatest  importance,  it  is  carried 
on  under  conditions  that  greatly  hamper  the  work  and  make  it 
impossible  to  start  experiments  that  require  to  be  carried  on  for 
a  long  period  of  years.  Everywhere  the  hope  was  expressed  that 
in  America  a  permanent  station  for  experimental  evolution  would 
be  founded,  and  it  was  believed  that  the  Carnegie  Institution 
would  be  the  proper  organization  to  initiate  and  maintain  such 
a   station. 

Chas.    B.    Davenport, 

Recorder. 

Owing  to  the  fact  that  the  meeting  began  before  the  close  of 
the  fiscal  year,  the  financial  reports  from  the  permanent  secretary 
and  the  treasurer  were  presented  informally,  and  the  fonnal 
reports  were  postponed  until  the  April  meeting  of  the  council. 

In  the  sessions  of  the  council  and  of  the  Association  the  usual 
order  of  procedure  was  followed.  Events  of  more  general  interest 
in  these  as  well  as  during  the  days  of  the  meeting  may  be  chronicled 
as  follows: 

The  first  general  session  of  the  Association  was  held  on  Monday, 
December  29,  1902,  at  10  a.  m.,  in  St.  Matthews  Ctirch.  It  was 
called  to  order  by  the  retiring  President,  Professor  Asaph  Hall, 
U.  S.  N.,  who  introduced  the  President-elect,   Dr.   Ira  Remsen. 

Dr.  Remsen  said:  As  you  will  be  obliged  to  listen  to  me  alittle 
later  for  a  few  minutes,  I  will  not  take  your  time  now,  but  proceed 
with  the  program  as  laid  down  by  the  committee  of  organization. 
I  shall  call  first  upon  the  Hon.  Henry  B.  F.  Macfarland,  President 
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of  the  Board  of  Commissioners  of  the  District  of  Columbia,  who 
will  speak  on  behalf  of  the  District  of  Columbia. 

Mr.  Macfarland:  Before  I  say  my  formal  and  official  word 
of  welcome,  allow  me  to  say  that  the  District  government  is  not 
responsible  for  the  Weather  Bureau.  That  is  purely  and  entirely 
a  function  of  the  United  States  Government.  However,  I  may 
say  for  the  benefit  of  the  Weather  Bureau  that  inasmuch  as  the 
population  of  the  District  of  Columbia  is  made  up  of  representa- 
tives of  every  section  of  the  country,  the  weather  is  changed  from 
day  to  day  so  as  to  suit  all.  If  you  have  had  unpleasant  weather 
this  morning — and  I  do  not  assume  that  j^ou  have  had  it — you 
may  be  sure  that  by  to-morrow  the  weather  will  once  more  be 
all  that  you  can  desire.  I  also  hope  that  you  will  understand 
that  the  temperature  of  this  cold  hall  does  not  represent  in  any 
way  the  temperature  of  our  welcome. 

On  behalf  of  the  executive  government  of  the  national  capital, 
I  have  great  pleasure  in  heartily  welcoming  you.  Great  in 
numbers,  great  in  honors,  representing  the  highest  types  of  scholar- 
ship and  of  citizenship,  the  most  brilliant  and  profitable  forms 
of  research  and  the  most  intellectual  phases  of  our  industrial  life, 
your  Association  has  peculiar  claims  upon  our  hospitality.  The 
American  capital  should  be,  and  is,  peculiarly  hospitable  to  the 
representatives  of  American  science.  Coming  from  every  quarter 
of  the  continent,  representing  every  important  scientific  society 
and  institution,  you  have  a  distinction  which  sets  you  apart  in 
our  estimation  from  all  other  gatherings  of  the  year  in  this  head- 
quarters of  conventions.  All  that  is  noble,  altruistic,  self-sacrific- 
ing in  your  labors,  all  the  achievements  which  shine  in  the  fame 
of  your  illustrious  members,  all  the  promise  of  future  accomplish- 
ment and  future  beneficence  implied  in  your  advancement  of 
science — all  these  rise  before  our  eyes  as  we  think  of  your  name. 

Doubtless  there  are,  human  nature  being  what  it  is,  unworthy 
men  of  science,  men  who  serve  her  from  mercenary  or  ignoble 
motives.  But  we  believe  that  the  members  of  your  Association 
cherish  her  highest  ideals  and  follow  them  with  patience  and 
fidelity.  Therefore  we  honor  you  as  we  cannot  honor  men  of 
lower  ideals  or  more  selfish  motives.  Therefore  we  believe  that 
you  are  in  the  highest  sense  humane.  Therefore  we  believe  that 
while  you  deal  with  material  things,  you  yet  minister  to  the 
spiritual  life  of  the  nation.  Therefore  we  summon  you  with  con- 
fidence to  oppose,  with  all  noble  sot:ls,  that  materialism  which 
would  engulf  our  civilization. 

Many  of  you  are  at  home  here  and  need  no  formal  welcome. 
All  of  you  ought  to  feel  at  home.  This  is  the  capital  of  science 
as  well  as  the  capital  of  politics  for  this  country.  Ever  since 
the  Civil   War  made  it  certain  that  the    national  capital  would 
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not  be  removed  from  this  place,  over  which  the  greatest  armies 
of  all  time  had  contended,  the  national  Government  has  been 
building  up  here  new  and  important  scientific  institutions  in- 
creasing in  magnitude,  influence,  and  accomplishment  every 
year,  and  drawing  here  many  of  the  best  men  of  science.  There 
are  now,  I  suppose,  more  members  of  your  Association  resident 
in  the  District  of  Columbia  than  anywhere  else,  and  nowhere 
else,  I  suppose,  is  more  important  work  being  done  by  men  of 
science.  The  Smithsonian  Institution,  the  Naval  Observatory, 
the  Coast  and  Geodetic  Survey,  the  principal  ante-bellum  centers 
of  scientific  work  in  the  city  of  Washington,  have  many  com- 
panions now,  and  a  regiment  of  men  are  employed  in  the  scientific 
part  of  the  Government.  They  maintain  in  large  part  the  Cosmos 
Club  and  the  scientific  societies  represented  in  its  membership. 
And  now  appears  on  the  horizon  the  Carnegie  Institution,  which 
bids  fair  to  dazzle  our  eyes  before  it  reaches  its  zenith  with,  the 
magnitude  of  its  conception  and  the  richness  of  its  facilities  for 
scientific  training.  Already  the  Government  museums,  libraries 
and  laboratories  are,  as  you  well  know,  richly  worthy  of  your 
attention,  and  there  is  promise  of  steady  enrichment  both  in 
public  and  private  scientific  undertaking. 

But  apart  from  what  must  interest  you  here  most  as  American 
scientists,  we  have  in  the  National  Capital  what  must  interest  you 
as  American  citizens.  This  is  the  home  of  the  national  spirit,  of 
the  national  flag,  of  the  national  Government,  incomparable  in 
the  wealth  of  its  associations  and  memories  and  as  a  center  of 
power  and  promise.  Here  the  Republic  finds  national  expression 
and  from  here  it  confers  national  and  international  benefit  in  its 
world-round    activities. 

Dr.  Remsen:  I  have  now  the  honor  to  call  upon  the  repre- 
sentative of  our  national  Government,  the  Hon.  David  J.  Hill, 
Assistant    Secretary   of    State. 

Mr.  Hill:  Mr.  President,  and  members  of  the  Association:  The 
Government  of  the  United  States,  being  a  government  of  the 
people,  oft'ers  no  princely  patronage,  and  its  rewards  are  not  alone 
for  an  aristocracy  of  learning.  Resting  directly  upon  the  will  of 
the.  people,  it  exists  for  the  people  and  exercises  no  paternalism 
in  the  extension  and  the  diffusion  of  knowledge.  Other  govern- 
ments have  employed  knowledge  as  an  instrument  for  rendering 
the  population  subservient  to  the  State.  Our  Government,  on 
the  contrary,  is  itself  only  an  expression  of  the  popular  intelli- 
gence. When  the  monarchs  and  princes  of  Europe  founded 
universities,  endowed  colleges,  when  Richelieu  established  the 
French  Academy,  when  Catherine  II  created  an  imitation  of  it  in 
Russia,  there  was  underlying  all  these  movements  a  motive 
ulterior  to  the  progress  of  knowledge.      It   was  the  maintenance 
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and  preservation  of  monarchy  by  the  subvention  of  intelHgence 
and  scholarship.  The  American  system  has  introduced  in  the 
progress  of  the  world  a  new  order  of  things.  If,  on  the  one  hand, 
it  has  committed  the  advancement  of  science  to  the  hands  of  the 
people,  on  the  other  it  has  made  the  knowledge  of  the  people 
available  for  the  development  of  the  Government.  The  inevi- 
table consequence  of  making  the  State  the  predominant  influence 
in  the  extension  of  knowledge  was  to  make  science  a  creature  of 
the  State,  but  it  is  a  far  higher  and  nobler  conception,  a  concep- 
tion which  is  the  child  of  our  modern  democratic  movement,  that 
the  State  should  be  the  creation  of  science;  and  it  is  this  concep- 
tion which  tmderlies  our  American  idea  and  our  American  practice. 
Left  free  to  move  along  its  own  lines  of  development,  every  form 
of  human  energy  is  permitted  to  grow  according  to  its  own  inher- 
ent formula.  In  the  United  States  there  is  and  can  be — and  it  is 
something  to  be  thankful  for — no  such  thing  as  official  science. 
Patient  investigation,  verified  experimentation,  correct  generali- 
zation, and  lucid  statement — these  are  the  only  steps  by  which 
scientific  recognition  can  be  attained.  There  is  among  us  no 
supreme  authority  to  intimidate  and  discourage.  The  initiative 
among  us  is  with  the  people,  and  the  progress  of  science  in  Amer- 
ica is  a  witness  of  the  people's  interest  in  it.  Imposed  from 
above,  science  could  not  fail  to  be  a  burden,  but  pressing  upward 
from  the  living  fountains  of  popular  interest,  it  becomes  a 
source  of  inspiration.  The  best  security  the  promotion  of  know- 
ledge can  have  is  the  existence  of  a  great,  widespread,  popular 
association,  such  as  this,  devoted  to  its  advancement. 

But  now  let  us  look  for  a  moment  at  the  influence  of  science 
under  our  s^^stem  upon  our  national  governmental  development. 
I  have  said  that  we  have  no  official  science,  and  this  is  true.  But 
it  is  true,  though  it  is  quite  another  thing,  that  we  have  scientific 
officials.  The  original  conception  of  government  was  tht-t  it  is 
only  a  negative  function — namely,  to  prevent  everybody  from 
doing  wrong  to  everybody  else.  But  we  are  seeing,  and  science 
has  opened  our  eyes  to  it,  that  governmeiU  has  a  jjositivc  function  — 
namely,  the  development  of  the  resources  of  the  nation  as  a  whole 
for  o\ir  common  good  and  to  promote  the  welfare  of  the  people. 
We  have  seen  that  individual  and  local  effort  is  powerless  to  accom- 
plish this,  and  there  has  grown  iip  here  in  Washington  a  group  of 
have  seen  that  individual  and  local  effort  is  powerless  to  accom- 
plish this,  and  there  has  grown  up  here  in  Washington  a  group  of 
important  scientific  operations  devoted  to  this  branch  of  Govern- 
ment business.  It  is  unnecessary  for  me  to  name  those  Depart- 
ments of  the  Government  which  employ  scientific  experts  and 
conduct  scientific  work  under  their  direction.  Another  speaker. 
Dr.  Walcott,  is  far  more  competent  to  do  justice  to  that  subject, 
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and  it  may  well  be  reserved  for  him.  But  two  points  are  worthy 
of  the   serious   attention   of  this   Association. 

One  of  these  is  that  it  is  because  the  initiative  in  science  is  with 
the  people  that  our  governmental  work  has  become  of  a  real 
scientific  character.  It  has  been  owing  to  the  scientific  demand, 
the  demand  of  the  scientific  men  scattered  throughout  the  country, 
that  our  governmental  work  should  rise  to  the  level  of  their  com- 
prehension in  its  needs  and  in  its  standards,  that  we  have  now  at 
Washington  a  group  of  scientific  experts  of  the  highest  character 
doing  the  work  of  the  Government  in  their  special  branches,  and 
not  mere  bureaucrats  holding  their  places  by  political  influence. 
You  will  meet  in  Washington  in  the  employ  of  the  Government 
men  of  the  highest  standing  in  their  respective  branches  of  science, 
recognized  and  honored  by  their  colleagues  throughout  the  coun- 
try and  throughout  the  world,  not  as  authorities  because  they  are 
officials,  but  as  tho.se  who  have  become  officials  because  they  were 
first   recognized   authorities. 

The  other  thought  that  I  wish  to  leave  with  you  is  the  elevating 
effect  upon  the  entire  official  staff  of  the  Government  exercised 
by  the  presence  of  acknowledged  experts  in  its  scientific  branches. 
It  has  come  to  be  generally  accepted  that  no  man  should  hold  any 
public  office  unless  he  is  specially  qualified  by  his  knowledge  to 
discharge  its  duties  with  intelligence.  We  may  easily  insist  too 
much  upon  mere  academic  standards,  but  specific  qualifications 
may  well  be  accepted  as  the  final  test  in  every  department  of 
Government.  It  is  intxch  to  be  regretted  that  traditional  ideas 
linger  on  among  the  people  long  after  the  popular  impression  is 
out  of  date.  Among  the  advantages  of  frequent  visits  to  Wash- 
ington is  opportunity  to  observe  the  progress  that  has  been  made 
and  is  still  making  toward  higher  standards  in  the  public  service. 
Few  careful  observers  fail  to  note  the  ability,  the  fidelity,  and 
even  the  enthusiasm  with  which  much  of  the  public  service  is 
performed,  and  this  is  but  a  natural  result  of  specific  adaptation 
to  the  duties  to  be  discharged.  It  is  difficult  to  conceive  a  higher 
type  of  patriotism  than  that  of  the  public  servant,  who,  in  his 
daily  labors  combines  a  passionate  love  of  his  special  pursuit 
with  the  thought  that  he  is  using  his  knowledge  in  the  service  of 
his  country.  A  few  days'  sojourn  among  your  co-workers  here  in 
Washington  will  reveal  to  you  the  existence  of  many  patriots  of 
this  type.  It  is  but  a  single  phase  of  that  nobler  life  which  in- 
terest in  the  advanceinent  of  science  always  inspires.  It  is  largely 
due  to  the  work  and  influence  of  this  scientific  body,  scattered 
throughout  the  nation,  that  these  opportunities  are  rendered 
secure,  because  they  are  believed  in  by  the  people. 

I  welcome  you,  members  of  the  Association  for  the  Advance- 
inent of  Science,  to  our  National  Capital,  which  is  so  largely 
indebted  for  its  intellectual  life  to  the  fact  of  your  existence. 
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Dr.  Remsen:  I  shall  call  next  upon  Dr.  Charles  D.  Walcott. 
Director  of  the  United  States  Geological  Survey,  who  will  speak 
in  behalf  of  the  Washington  Academy  of  Sciences  and  other 
scientific  societies  of  this  city. 

Dr  Walcott:  It  is  a  great  pleasure  to  welcome  the  Associa- 
tion and  its  affiliated  societies  on  the  part  of  the  Washington 
Academy  of  Sciences  and  the  scientific  societies  of  Washington. 
The  Association,  as  the  popular  representative  of  our  eighty-five 
millions  of  people,  is  doubly  welcoine  at  the  Nation's  Capital, 
where  the  Government  is  doing  a  great  work  for  scientific  admin- 
istration and  research. 

We  have  heard  expressed  the  fear  that  the  influence  of  scientific 
men  in  Government  employ  would  be  detrimental  to  the  develop- 
ment of  pure  research,  not  only  in  connection  with  Government 
work,  but  in  the  universities  and  other  organizations  where  more 
or  less  research  work  is  carried  on.  I  think  this  fear  groundless. 
A  large  part  of  Government  work  consists  in  the  application  of 
scientific  principles  and  methods  to  the  needs  of  the  body  politic 
and  of  the  people  generally — in  appropriating  the  results  of  re- 
search to  the  benefit  of  mankind,  rather  than  in  merely  develop- 
ing the  ideals  of  scientific  theorists,  who  would  investigate  only 
for  science  sake  regardless  of  what  may  be  of  service  to  humanity. 
I  would  not  convey  the  impression  that  original  research  of  the 
highest  type  is  wholly  neglected  in  Government  laboratories.  On 
the  contrary,  a  great  amount  of  time  and  energy  is  expended  in 
pure  scientific  research  under  well-trained,  able  men.  As  the 
result  of  a  decade  of  administration,  I  have  found  that  co-opera- 
tion with  universities  and  research  organizations  has  been  most 
helpful  to  the  Government  work  in  my  charge,  and  men  from  all 
sections  of  the  country  declare  that  great  benefit  has  accrued  to  the 
institutions  which  have  co-operated  with  the   Government. 

The  private  and  quasi-public  institutions  on  the  one  hand,  and 
the  Government  scientific  organizations  on  the  other,  have,  for 
the  most  part,  independent  fields.  Research  is  a  necessity  in  the 
training  of  men.  It  is  generally  recognized  that  the  university 
must  sustain  original  research  in  order  to  give  its  staff  the  oppor- 
tunity to  instruct  the  student  in  methods  of  research  and  thus 
prepare  the  more  gifted  men  for  future  work  of  a  high  order, 
either  in  the  university  laboratory  or  elsewhere.  The  better 
qualified  the  teachers  and  the  better  their  equipment  for  research 
the  higher  the  rank  of  the  university.  The  Government  scientific 
organization,  on  the  other  hand,  should  make  practical  applica- 
tion of  all  scientific  data  available  to  the  advancement  of  the  wel- 
fare of  the  nation,  independently  of  influence  or  prejudice.  New 
problems  appear  at  every  advance,  however,  and  if  the  univer- 
sity has  not  the  data  or  opportunity  for  sol\ing  them,  the  rio\-- 
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ernment  organization  must  conduct  its  own  research,  as  far  as  it 
may  be  necessary,  and  thus  the  two  classes  of  organizations  meet 
on  common  ground.  They  are  interdependent  to  a  greater  degree 
than  most  of  us  imagine.  That  which  injttres  one  injures  the 
other,  and  that  which  sustains  and  broadens  one  sustains  and 
broadens  the  other. 

I  speak  of  this  to-day  because  never  before  has  there  been 
such  a  gathering  of  university  and  Government  scientific  men  as 
assembles  here  this  week.  Such  a  gathering  should  be  fruitful  in 
the  removal  of  misconceptions.  It  is  my  personal  conviction 
that  if  every  man  engaged  in  scientific  research  in  the  country  at 
large  would  acquaint  himself  with  the  men  and  methods  of 
work  prevailing  in  Washington,  and  if  every  scientific  employee 
in  the  bureaus  of  the  Government  would  visit  the  universities 
and  become  acquainted  with  the  university  men  and  their  ideals, 
there  would  be  a  still  greater  tendency  on  the  part  of  both  to 
co-operate.  This  Association  and  other  scientific  organizations 
are  doing  a  superb  work  in  bringing  together  the  scientific  investi- 
gators of  the  country,  thus  providing  for  acquaintance  and  inter- 
change of  thought,  which  inevitably  leads  to  co-operation  and 
solidarity. 

Again  I  welcome  the  Association  in  the  name  of  the  Washington 
Academy  and  the  scientific  societies  of  Washington,  and  of  the 
laboratories  and  places  which  they  may  wish  to  visit  in  connec- 
tion with  the  work  which  is  going  on  in  this  city. 

Dr.  Remsen:  The  Association  is  indebted  to  the  Columbian 
University  for  its  place  of  meeting,  or  rather,  for  the  many  places 
required  for  the  many  sections.  Nearly  all  the  meetings,  if  not 
all,  are  to  be  held  in  some  of  the  rooms  belonging  to  that  institu- 
tion. It  is  therefore  peculiarly  fitting  that  we  should  hear  a  word 
from  the  president  of  Columbian  University,  Dr.  Charles  W. 
Needham. 

Dr.  Needham:  Mr.  President  and  Members  of  the  Association: 
It  is  a  high  privilege  to  speak  for  the  educational  institutions  of 
Washington  and  extend  their  cordial  welcome  to  this  honorable 
Association  and  to  the  distinguished  men  who  compose  its  mem- 
bership. When  it  was  known  that  your  Association  was  to  meet 
in  this  city  the  doors  of  every  edticational  institution  were 
opened  and  every  facility  that  could  contribute  to  your  enter- 
tainment or  the  advancement  of  the  purposes  of  your  meeting 
was  freely  offered  to  yovi.  It  is  fitting  that  these  institutions 
shotild  welcome  the  scientist.  He  discovers  and  gathers  the 
facts  and  the  laws  which  constitute  in  so  large  a  part  the  know- 
ledge which  universities  teach.  It  is  science  which  gives  us  those 
facts,  and  a  knowledge  of  those  forces  in  nature  and  life  which 
are  the  sure  stepping-stones  upon  which  man  rises  to  higher  and 
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nobler  living.  The  geologist's  hammer  opens  the  oldest  and  the 
most  unprejudiced  book  of  history;  the  furnace  heat  and  the 
crucible  reveal  the  riches  and  secrets  of  nature.  The  "Kingdom 
of  God"  has  always  been  "at  hand,"  but  only  to  the  diligent 
seeker  is  it  found;  the  storehouse  of  nature  is  filled  with  all  manner 
of  precious  gifts,  but  only  to  him  who  knocks  is  it  opened,  and  she 
yields  her  secrets  only  to  him  who  works  while  he  waits.  The 
world  has  found  at  last  that  while  hope  is  a  living  force,  work  brings 
fruition.  We  are  exchanging  the  "  to-morrow"  for  the '"  to-day ;" 
we  are  strengthening  our  faith  by  enlarging  our  vision;  blind 
eyes  will  see  and  deaf  ears  will  hear  the  truths  that  are  near  us 
and  minister  to  our  needs.  Our  fitness  for  better  things  increases 
with  the  knowledge  and  right  use  of  the  things  we  have.  Know- 
ledge of  matter  and  the  laws  that  govern  it,  of  mind  and  of  groups 
of  men  and  the  forces  that  control  them,  are  the  verities  which 
the  scientists  are  bringing  us.  Not  only  the  individual  man  but 
the  groups  we  call  states,  are  looking  to  you  to-day4^for];the  facts 
and  truths  upon  which  to  build  their  prosperity  and  out  of  which 
in  a  large  degree  is  to  come  their  material  wealth.  A  due  appre- 
ciation of  all  branches  of  the  mathematical,  the  physical,  the  nat- 
ural and  the  social  sciences  is  a  special  reqtiirement  of  the  present 
age.  Upon  a  more  enlightened  employment  of  the  products 
and  the  forces  of  nature  will  come  those  resources  and  riches 
which  make  a  nation's  wealth.  A  knowledge  of  sociological 
forces  and  social  science  only  will  make  a  perfect  community 
possible.  The  propagation  of  an  earnest  and  sound  knowledge 
of  all  the  sciences  can  alone  advance  the  strength  and  power  of  a 
State  in  the  great  struggle  of  rival  nations,  and  this  knowledge 
must  be  comprehensive  and  full.  Man  cannot  appropriate  to 
his  use  the  forces  of  nature  and  make  all  matter  and  mind  his 
efficient  agents  without  an  intimate  and  accurate  acquaintance 
with  the  physical,  natural  and  social  forces  which  move  in  all 
realms  of  activity  with  such  tremendotis  and  mysterious  force 
and  power.  This  knowledge  can  be  obtained  only  by  the  free 
action  of  thought  and  an  unrestrained  activity  in  all  investiga- 
tion and  in  free  discussion.  The  nations  that  suppress  this  activ- 
ity and  take  no  serious  part  in  the  general  industrial  movement, 
in  the  choice  and  preparation  of  natural  substances,  in  the  appli- 
cation of  mechanics  and  chemistry,  or  in  the  understanding  of 
social  sciences  will  not  find  the  road  to  prosperity  and  greatness, 
and  must  decay;  while  those  that  foster  this  knowledge  will 
strengthen  and  develop  in  power  and  in  the  arts.  We  need  not 
fear  that  this  tendency  to  study  nature  and  man  for  the  sake  of 
industrial  progress,  so  universal  in  our  day,  will  necessarily 
retard  or  dim  the  glory  of  the  efforts  of  men  in  the  domain  of  philos- 
ophy and  classical  history,  or  deprive  life  of  the  embellishments 
of  the  arts,  or  dim  the  vivifying  glories  of  the  imagination. 
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So  long  asour  institutions  are  free,  the  instruction  intelligent  and 
true,  and  there  is  everywhere  an  enthusiasm  in  the  search  after 
facts  and  law,  we  need  have  no  cause  to  fear  that  any  branch  of 
knowledge  will  be  neglected.  All  bring  to  the  State  the  most 
precious  fruits,  whether  they  yield  nourishment  and  wealth  to 
man,  or  the  permanent  pleasures  of  the  mind  which  are  the  glory 
and  the  richest  heritage  of  the  nation.  As  the  discovery  of  steam 
and  electricity  have  brought  mankind  into  a  common  industrial 
life,  so  the  revelations  of  science  have  brought  a  common  wisdom 
and  an  almost  universal  desire  for  truth  from  every  source.  The 
university  and  the  college  will  therefore  ever  greet  the  scientist 
as  the  revealer  of  truth. 

Mr.  President.  I  am  profoundly  impressed  with  the  fact  that 
this  Association  of  men  of  science  meets  this  morning,  in  response 
to  a  generous  and  cordial  invitation,  in  an  old  and  honored  build- 
ing, consecrated  by  a  denomination  whose  glorious  history  stretches 
far  back  through  centuries,  bridging  the  middle  ages,  to  the  very 
dawn  of  the  Christian  era;  a  denomination  which,  through  the 
triumphs  and  oppressions  and  crimes  of  military  power,  has 
brought  down  the  splendid  message  that  "the  meek  shall  inherit 
the  earth."  Not  the  dominion  of  force  nor  the  rule  of  the  rich, 
but  the  gentle  empire  of  mind  and  affection  will  be  the  final 
cotmtry  of  mankind. 

Mr.  President,  in  this  building,  once  dedicated  to  affection,  the 
educational  instittitions  of  this  city  give  yoti  men  of  science  a 
cordial  greeting. 

Dr.  Remsen:  I  find  that  the  next  number,  as  they  sometimes 
say,  on  the  program  is  a  reply  by  the  President  of  the  Association. 
I  wish  to  say  in  this  connection,  gentlemen,  that  there  are  no  less 
than  twenty-four  scientific  societies  in  session  at  present,  and 
that  the  American  Association  is  one  of  these.  To  be  sure,  there 
is  some  connection  between  these  numerous  societies  and  the  old 
association,  but  it  is  not  an  easy  matter  to  state  exactly  what 
that  connection  is,  and  I  shall  not  attempt  it. 

It  is  an  interesting  fact — one  that  is  impressive,  as  has  already 
been  remarked — that  this  large  body  of  scientific  men  and  women 
should  hold  their  first  meeting  in  a  building  devoted  to  religion. 
I  do  not  know  whether  this  is  a  sign  of  the  times,  whether  it  is 
worth  commenting  upon,  but  it  seems  to  me  to  be  an  interesting  fact 
that  science  and  religion  should  have  come  together  in  this  way 
at  this  their  first  meeting  in  Washington.  To  be  sure,  T  under- 
stand that  the  church  is  not  used  at  present  for  religious  pur- 
poses, and  there  may  be  some  connection  between  the  two  facts. 

The  scientific  men  of  this  country  are  to-day  and  this  week 
making  an  experiment  of  national  significance.  To  those  who 
have  been  in  the  habit  of  attending  the  meetings  of  the  American 
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Association,  these  meetings  suggest  summer  excursions,  rather 
hot  weather,  pleasant  experiences  in  the  open;  they  certainly  do 
not  suggest  mid-winter.  For  the  first  time  in  its  history,  the 
Association,  at  all  events,  meets  in  the  winter  time  and  in  what  is 
known,  perhaps  not  to  all,  but  certainly  to  the  scientific  men  and 
university  men  of  the  country,  as  "Convocation  Week."  It  has 
been  found  that  the  scientific  men,  the  university  and  college 
teachers  of  the  countr3%  were  hard  put  to  it  to  pass  their  time 
between  Christmas  and  New  Year's  day.  It  hung  heavily  on 
their  hands.  They  were  distressed.  And  so  some  of  our  good 
brethren  got  together  and  voted  that  we  must  have  something  to 
do;  and  they  appointed  the  week  in  which  the  first  of  January 
occurs  as  "Convocation  Week,"  in  which  we  are  all  to  come 
together  and  work,  stop  this  idling  and  get  rid  of  this  sad  period 
of  the  holidays.  As  I  understand  it,  it  is  impossible  for  us,  in  the 
future,  to  think  of  spending  the  holidays  with  our  families  unless 
we  bring  our  families  with  us,  and  sometimes  there  are  difficulties  in 
the  way  of  that.  This  is  the  experiment  we  are  making,  and  this  is 
the  first  evidence  of  the  results  of  that  experiment.  How  it  is  going 
to  work  no  one  is  able  to  say  at  the  present  time.  We  hope,  how- 
ever, that  the  meetings  will  be  larger  than  in  the  past  and  that  they 
will  be  fully  as  helpful  and  pleasant  as  in  the  past;  though  some  of 
the  features  we  have  always  had  in  mind  as  pertaining  to  the 
meetings  of  the  American  Association  will  necessarily  be  lacking. 
The  Association  has  met  in  Washington  on  two  former  occasions: 
first  in  the  year  1854,  nearly  fifty  years  ago,  next  in  the  year  1891. 
This  is  the  third  meeting  of  the  Association  here. 

I  take  pleasure  on  behalf  of  the  Association  and  the  other 
assembled  societies  in  extending  the  thanks  of  those  who  have 
come  together  here  to  the  representatives  of  the  various  organi- 
zations in  Washington  for  what  they  have  evidently  done  for  our 
pleasure  and  for  our  comfort.  I  thank  you,  sir,  as  a  member  of 
the  National  Government;  you,  sir,  as  the  representative  of  the 
District  of  Columbia;  and  you  who  represent  the  scientific  societies 
of  Washington,  and  Columbian  University  and  the  educational 
institutions,  all  have  our  hearty  thanks.  I  extend  thanks  thus 
before  the  meeting  takes  place  because  what  we  have  already 
seen  is  a  sure  indication  of  what  is  to  follow,  and  I  am  certain 
that  this  will  be  the  most  successful  meeting  that  the  American 
Association  for  the  Advancement  of  Science  has  ever  held,  and 
probably  the  most  successful  meeting  the  other  scientific  gather- 
ings have  held  in  any  part  of  the  country. 

After  the  reading  of  reports  by  the  General  and  Local  Secre- 
taries, and  agreement  upon  the  time  and  place  of  meetings,  the 
session  adjourned. 

At    I    o'clock    P.    .M.,   (in    .Monday,    the   local   committee   invited 
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visiting  scientific  people  to  a  luncheon  at  the  Arlington,  and  on 
the  same  afternoon  the  addresses  of  the  vice-presidents  were  given 
as  follows: 

At    2.30    P.    M.: 

Vice-President  Hough  before  the  Section  of  Matheinatics  and 
Astronomy.  Subject;  "On  the  Physical  Constitution  of  the 
Planet  Jupiter." 

Vice-President  Franklin  before  the  Section  of  Physics.  Sub- 
ject:   "Popular  Science." 

Vice-President  Weber  before  the  Section  of  Cheinistry.  Sub- 
ject:   "Incomplete   Observations." 

Vice-President  Culin  before  the  Section  of  Anthropology. 
Subject:    "America   the    Cradle    of   Asia." 

Vice-President  Welch  before  the  Section  of  Physiology  and 
Experimental  Medicine.  Subject:  "The  Origin  and  Aims  of  the 
New   Section   of   Physiology  and   Experimental   Medicine." 

At   4   P-    M.: 

Vice-President  Flather  before  the  Section  of  Mechanical  Science 
and  Engineering.  Subject:  "Modern  Tendencies  in  the  Utiliza- 
tion of  Power." 

Vice-President  Nutting  before  the  Section  of  Zoology.  Sub- 
ject:   "The   Perplexities  of  a  Systematist." 

Vice-President  Campbell  before  the  Section  of  Botany.  Sub- 
ject:   "The   Origin   of  Terrestrial   Plants." 

Vice-President  Wright  before  the  Section  of  Social  and  Eco- 
nomic Science.     Subject:    "The  Psychology  of  the  Labor  Question." 

At  this  hour  also  was  delivered  the  address  of  the  president  of 
the  Astronomical  and  Astrophysical  Society  of  America,  Prof. 
Simon    Newcomb. 

The  annual  address  of  the  retiring  president,  Professor  Asaph 
Hall,  U.  S.  N.,  entitled  "The  Science  of  Astronomy,"  was  read 
on  Monday  evening.  At  its  close  Past  President  C.  S.  Minot 
spoke  of  the  new  movement  on  which  the  Association  has  entered. 

On  Tuesday  evening  the  address  of  the  president  of  the  Ameri- 
can Cheraical  Society,  Dr.  Ira  Remsen,  was  given,  and  followed  by 
the  annual   dinner  of  the  society. 

At  the  same  time,  Dr.  C.  Hart  Merriam  delivered  the  public 
lecture  of  the  American  Society  of  Naturalists  on  "Protective 
and  Directive  Coloration  of  Animals  with  Especial  Reference  to 
Birds  and  Mammals,"  which  was  followea  by  the  smoker  of  the 
American  Society  of  Naturalists  and  its  affiliated  societies.  At 
the  same  time  the  Botanical  Society  of  Washington  received 
visiting  botanists.  The  Sigma  Xi  Scientific  Society  also  met  the 
same   evening. 

On  Wednesday  afternoon  at  3  o'clock  the  annual  discussion  of 
the  American  Society  of  Naturalists  was  held.      The  subject  was 
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"How  can  Endowments  be  used  most  Effectively  for  Scientific 
Research?"  and  the  speakers  were  Professors  T.  C.  Chamberlin, 
William  H.  Welch,  Franz  Boas,  William  M.  Wheeler,  Conway 
Macmillan   and    Hugo    Miinsterberg. 

On  Wednesday  afternoon  at  4  o'clock  a  public  lecture  was 
given  under  the  auspices  of  the  A.  A.  A.  S.  and  the  National 
Geographic  Society  on  "Volcanoes  of  the  West  Indies,"  by  Prof. 
I.  C.  Russell. 

Mrs.  Chas.  D.  Walcott  gave  a  tea  on  Wednesday  afternoon  at 
5  o'clock  to  visiting  ladies  of  the  Association  and  to  the  members 
of  the  Geological  Society  of  America. 

On  Wednesday  evening  the  annual  dinner  of  the  American 
Society  of  Naturalists  was  held,  and  the  dinner  was  followed  by 
the  address  of  the  president.   Professor  J.   McK.   Cattell. 

The  annual  dinner  of  the  Geological  Society  of  America  and  a 
smoker  tendered  by  the  Chemical  Society  of  Washington  were 
also  held. 

On  Thursday  evening,  through  the  courtesy  of  the  board  of 
regents  and  the  secretary  of  the  Smithsonian  Institution,  the 
U.  S.  National  Museum  was  open  from  8.30  to  11  P.  M.,  to  afford 
a  convenient  opportunity  for  viewing  the  collections. 

On  Friday  afternoon  at  4  o'clock  an  illustrated  public  lecture, 
complimentar}'  to  the  citizens  of  Washington,  was  given  at  the 
Lafayette  Opera  House,  by  Professor  John  Hays  Hammond, 
on  "King  Solomon's  Mines,  or  the  Mines  of  Ophir." 

On  Friday  evening  the  trustees  of  the  Corcoran  Art  Gallery 
and  the  local  committee  tendered  a  reception  to  the  visiting 
members  of  the  Association  and  the  affiliated  societies  at  the 
Corcoran  Art  Gallery,  from  8.30  to  11  o'clock.  On  Friday  even- 
ing also  was  held  the  dinner  of  the  American  Alpine  Club. 

On  Saturday  morning  at  10  o'clock  the  President  of  the  United 
States  received  the  members  of  the  A.  A.  A.  S.  and  affiliated 
societies   at  the   White   House. 

Resolutions  of  thanks  for  courtesies  extended  were  offered  bv 
ex-President  Minot  and  unanimously  adopted  at  the  closing 
general  session.  The  instittitions  and  individuals  to  whom  the 
Association  was  especialh'  indebted  include:  Columbian  Uni- 
versity, Cosmos  Club,  Local  Committee,  St.  Matthews  Church, 
Georgetown  University,  Carroll  Institute,  Press  of  Washington, 
Trustees  of  Corcoran  Art  Gallery,  the  President  of  the  United 
States,  Secretary  of  the  Smithsonian  Institution,  Acting  Director 
of  the  U.  S.  National  Musevim,  Director  of  the  Naval  Observa- 
tory,  Commissioner  of  Fish   and   Fisheries. 

At  the  meeting  of  the  general  committee  on  Thursday  evening 
it  was  decided  to  hold  the  next  meeting  of  the  Association  in  St. 
Louis  during  convocation  week.  i903-'4,  and  to  recommend  Phila- 
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delphia  as  the  place  of  the  following  meeting.  The  following 
were  elected  officers  for  the  St.   Louis  meeting: 

President — Carroll   D.   Wright,  Washington. 

Vice-Presidents — Section      A,      Mathematics     and     Astronomy, 

0.  H.  Tittmann,  Washington;  B,  Physics,  E.  H.  Hall,  Harvard 
University:  C.  Chemistry,  W.  D.  Bancroft,  Cornell  University; 
D,  Mechanical  Science  and  Engineering,  C.  M.  Woodward,  Wash- 
ington University;  E,  Geology  and  Geography,  I.  C.  Russell^ 
University  of  Michigan;  F,  Zoology,  E.  L.  Mark,  Harvard  Uni- 
versity; G,  Botany,  T.  H.  Macbride,  University  of  Iowa;  H,  An- 
thropology, M.  H.  Saville,  American  Museum  of  Natural  History; 

1,  Social  and  Economic  Science,  S.  E.  Baldwin,  New  Haven;  K, 
Physiology  and  Experimental  Medicine,  H.  P.  Bowditch,  Har- 
vard   University. 

Permanent  Secretary — L.  O.  Howard,  Cosmos  Club,  Washington. 

General    Secretary — Chas.  W.  Stiles. 

Secretary  of  the  Council — Chas.   S.   Howe,  Case  School. 

Secretaries  of  the  Sections — Section  A,  Mathematics  and  Astron- 
omy, L.  G.  Weld,  University  of  Iowa;  B,  Physics,  D.  C.  Miller, 
Case  School;  C,  Chemistry,  C.  L.  Parsons,  Durham,  N.  H.;  D, 
Mechanical  Science  and  Engineering,  Wm.  T.  Magruder,  Ohio 
State  University;  E,  Geology,  G.  B.  Shattuck,  Johns  Hopkins 
University;  F,  Zoology,  C.  Judson  Herrick,  Denison  University; 
G,  Botany,  F.  E.  Lloyd,  Teachers  College,  Columbia  University; 
H,  Anthropology,  George  H.  Pepper,  American  Museum  Natural 
History;  I,  Social  and  Economic  Science,  J.  F.  Crowell,  L".  S. 
Treasury  Department;  K,  Physiology  and  Experimental  Medi- 
cine, F.  S.  Lee,  Columbia  University. 

Treasurer — R.  S.  Woodward,  Columbia  University,  New  York, 
N.  Y. 

Henry  B.  Ward, 

General     Secretary. 


Report  of   the  Treasurer. 

In  compliance  with  Article  i  5  of  the  Constitution,  and  by  direc- 
tion of  the  Council,  I  have  the  honor  to  submit  the  following 
report,  showing  receipts,  disbursements,  and  disposition  of  funds 
of  the  Association  for  the  year  ending  December  31,   1902. 

Receipts  have  come  into  the  keeping  of  the  Treasurer  from  three 
sources,  namely:  First,  from  excess  of  receipts  over  expenditures 
of  the  Permanent  Secretary;  secondly,  from  commutations  of 
annual  dues  of  life  members  of  the  Association;  and,  thirdly, 
from  interest  on  funds  deposited  in  savings  banks  and  with  the 
U.  S.  Trust  Company.    The  aggregate  of  these  receipts  is  $3,160.67. 
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Disbiirsemcnts  made  in  accordance  with  the  direction  of  the 
Council   amount   to   $300.00. 

The  total  amount  of  funds  of  the  Association  deposited  in 
banks  and  with  the  U.  S.  Trust  Company,  and  subject  to  the 
order  of  the  Treasurer,  December  31,  1902,  is  $14,987.74. 

The  details  of  receipts,  disbursements,  and  disposition  of  funds 
are  shown  in  the  following  itemized  statement. 

Dated   April    ist,    1903. 
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The    Treasurer    in    Account    with    the    American     Associa- 
tion FOR  THE  Advancement  of   Science. 

1902.  Dr. 

To  balance  from  last  account $12,127.07 

June  28.     To   amount   transferred   from   funds   of   Per- 
manent  Secretary 2,000  .  00 

June  28.     To  7  life  inembership  commutations 350  .  00 

Dec.  18.     To  5  life  membership  commutations 250.00 

Dec.  29.     To  3  life  membership  commutations i  50  ,  00 

Dec.  31.     To  amount  of  interest  received  on  funds  de- 
posited  in    Savings    Banks    and    with  U.  S. 
Trust   Co.   as  follows; 
From  Cambridge  Savings  Bank,  Cam- 
bridge, Mass !ii;38  .  27 

From     Emigrant     Industrial     Savings 

Bank,  New  York,  N.  Y 101.77 

From  Institution  for  Savings  of  Mer- 
chants' Clerks,  New  York,  N.  Y  .  .  .  .  100  .  30 
From  Metropolitan  Savings  Bank,  New 

York,  N.  Y 102.37 

From  the  U.  S.  Trust  Company,  New 

York,  N.  Y ' 67.  87 

^^         410,67 


Total S I  5 , 2  8  7  .  7  4 
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The    Treasurer    in    Account    with    the    American    Associa- 
tion  FOR   THE   Advancement  of  Science. 

1902.  Cr. 

Jan.  21.      By  grant  (of  1900)  paid  C.  H.  Eigenmann  of 

committee  on  study  of  blind  vertebrates.  .  S50.00 
June  23.     By  grant   (of  1901)   paid  J.   McK.   Cattell  of 
committee    on   anthropometric     investiga- 
tions   - 50  .  00 

July  14.      By  grant  (of  1902)  paid  D.  T.  MacDougal  of 
committee  on  study  of  relations  of   plants 

to  climate 7  5  •  0° 

Nov.  24.     By  grant  (of  1902)  paid  Chas.  Baskerville  of 

committee  on  atomic  weight  of  thorium.  .  50.00 

Dec.  12.     By  grant  (of  1902)  paid  C.  H.  Eigenmann  of 

committee  on  study  of  cave   fauna 75    00 

Dec.  31.     By  cash  on  deposit  as  follows: 

In    Cambridge    Savings    Bank,    Cam- 
bridge, Mass $1,122.59 

In     Emigrant    Industrial    Savings 

Bank,  New  York,  N.  Y 2,984.  70 

In  Institution  for  Savings  of  Mer- 
chants'      Clerks,       New      York, 

N.    Y 2,868.86 

In     Metropolitan     Savings     Bank, 

New  York,  N.  Y 2,901  .  52 

In    U.    S.    Trust    Company,    New 

York,   N.  Y ' 4.567-87 

In    the   Fifth   Avenue    Bank,    New 

York ,  N .  Y 542.20 

— —    14,987-74 


Total S15.2S7  .  74 

I   have   examined   the   foregoing   account   and   certify   that   it   is 
correctly  cast   and  properly  vouched. 

Emorv   McClintock, 

.1  iiJitor. 
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Report  of  the   Permanent  Secretary. 

The  matters  heretofore  referred  to  in  the  report  of  the  Permanent 
Secretary,  in  so  far  as  they  relate  to  the  annual  meeting,  have  been 
covered  in  the  report  of  the  executive  proceedings  prepared  by 
the  General  Secretary,  and  duplication  is  avoided  by  omitting 
them  under  the  present  head. 

The  following  is  a  comparative  statement  of  the  roll  of  mem- 
bers as  printed  in  the  Denver  and  Pittsburg  volumes  and  in  the 
present  volume: 

Wash- 
Denver.  Pittsburg,  ington. 

Surviving  founders 3  3  3 

Living  patrons 2  2  2 

Living  honorary  fellows 2  '  3  3 

Fellows  .     1,054       1,074       1,197 

Members 1,904       2,392       2,787 

Totals  2,965       3,474       3,992 

Honorary  life  fellows   (founders) 

included  in  the  above 3  3  3 


It  will  be  noted  from  this  statement  that  the  year  1902  was  a 
very  successful  one  in  actual  growth  of  the  Association.  That 
this  means  a  better  financial  condition  is  indicated  in  the  finan- 
cial report  which  follows. 

L.  O.   Howard, 
Permanent  Secretary. 
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L.   O.    HOWARD,   PERMANENT   SECRETARY,   IN 
TION   FOR  THE  ADVANCE- 

Front  'January  i,   1902,  to 
Dr. 

To  balance  from  last  account $12,285  -S? 

Admission  fees $4,454.00 

Annual  dues  for  1902 ...  4,681  .  00 

Annual  dues  for  1903 7,724  .  00 

Annual  dues  for  previous  years 615.00 

Associate  fees 132  .  00 

Fellowship  fees 146  .  00 

Life  membership  fees 800.00 


Publications 181  .  21 

Subscription  for  volume i  •  50 

Binding '. 23  .  00 

IVfiscellaneous  receipts 172.57 

Interest 57.29 


18,552.00 


435-57 


$31,273.40 


CASH    ACCOUNT.  567 

ACCOUNT   WITH   THE   AMERICAN   ASSOCIA- 
MENT  OF   SCIENCE. 

December   31,    1902. 

Cr. 

By  publications. 

To  publishers  Science 86,481  .84 

Denver  volume 1. 135-53 

Pittsburg  pamphlet 286.40 

On  account  Pittsburg  volume 96.20 

.$7,999-97 

By  expenses  Pittsburg  meeting. 

Sectional  secretaries'  accounts  and  com- 
mutations    405 . 6S 

General  expenses in. 20 

514-88 

By  expenses  in  propagandist  work. 

Local  committees'  expenses 180.73 

Printing 3oo-35 

Postage 493  .  12 

Extra  clerical  help 233  .  88 

1,208.08 

By  general  office  expenses. 

Express 369  .  07 

Postage 3 1  o  .  oS 

Office  supplies 9-97 

Telegrams 8.88 

Printing 122.35 

8 2 0.35 

By  salaries. 

Permanent  Secretary 1,250  .  00 

Assistant  Secretary  . 500.00 

Assistant  Secretary 250  .  00 

2,000,00 

8y  miscellaneous  disbursements. 

Back  volumes  of  proceedings 18.  56 

Overpaid    dues     returned     and     cheqvies 

protested 35-95 

Advance  to  Washington  local  committee  125.00 
Bills  from  Secretaries  Washington  meet- 
ing    43 . 80 

Cash  paid  Treasurer 2,750.00 

2,973.31 

By  balance  to  new  account 15,756.81 

•S3 1. 2 73 -40 
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I  hereby  certify  that  I  have  examined  this  account  and  that  it 
is  correctly  cast  and  properly  vouched  for,  and  that  the  balance 
was  on  deposit  in  Washington  as  follows:  Citizens'  National  Bank 
(January  6,  1903),  §12,699.31;  National  Safe  Deposit  and  Trust  Co. 
(January  i,  1903),  $1,532.28,  and  American  Security  and  Trust 
Co.   (January  14,  1903),  $1,525.22;   in  all  $15,756.81. 

G.    K.   Gilbert,   Auditor. 


INDEX. 


IN  OEX. 


Abbe,  Cleveland,  Paper  by- 
Abbott,  C.  G.,  and  S.  P.  Langley,  Paper  by 
Aberration  constant.   Probable  value  of 
Absorbing  power  of  a  room,  Notes  on 
Absorption   curves   of  the   permanganates 
Acetylene  flame,  A  sensitive 
Adams,  W.  S.,  Paper  by  .... 

and  E.  B.  Frost,  Papers  by 
Address  of  retiring  president 
Adulteration  and  substitution,  Need  of  action  regarding 
Aerial  propagative  roots  of  Globba  .... 

Agaricacea.\   Systematic  relations  of  the  genera  of 
Agave  rigida,  Dift'erence  in  yield  of  fiber  from 
Agricultural  engineering        ....... 

Agrostis,  Type  specimens   of  the  North  American  species  of 
Ailes,  M.  E.,  Paper  by  ....... 

"Albatross,"  Exhibit  of  lantern  slides  illustrating  the  work  of 
Aleut  and  his  folk-lore  ....... 

Algonquin  language,  its  influence  on  English  speech 

names  of  mountains  and  hills      .... 

Alkaverdin,  A  new  pigment  in  leaves  of  Sarracenia  purpurea 
Allen,  S.  J.,  Paper  by  ....... 

Alloys  of  nickel  and  cast-iron,  Coefticient  of  expansion  of  some 
Alternating  currents,  Determination  of  freriuency  of 
Alvord,  H.  E.,  Paper  by        ......  . 

Alwood,  W.  B.,  Paper  by       ....... 

Ameiurus  nebulosus.   Breeding  habits  of      . 

America  the  cradle  of  Asia  ...... 

American    Indians,   The   tube-guessing   game   of 

Amphibole  schists,  genesis  of  those  of  Manhattan  Island 

Amyl   amine.    Electrical   conductivity   of  solutions  in 

Analyses  of  furnace  gases,  Errors  in 

Ancient  coins,  Corrosion  of  . 

Andrews,  F.  M.,  Papers  by  .....         4S5, 

Andropogon   divaricatum.   Note   on 
Androrhopy  in  Lepidoptera 
Anemometer,  Use  of  a  pressure-tube 


371 
369 
352 
369 
371 
372 
352 
350 
313 
392 
489 
489 

485 
426 
489 

524 
45  7 
504 
504 
501 
4^S7 

373 
371 
369 
526 

483 
455 
493 
501 
433 
370 
427 

394 
486 

485 
456 
426 


572 


INDEX. 


485 


Anodes,  Reduction  with  soluble  .... 

Anthropologists,  Practical  problems  for  the  consideration 
Anthropology 

Economic 

progress  in   at    Peabody   Museum 
Anthropometry,    Graphical   methods   in 

its    relations   to    criminology 
Antithetic    versus   hoinologous    alternation 
Araceas,  Studies  in         ..... 

Arapaho,  The  religion  of        ...  . 

Archaeological  commission,  The  international 
Archegonium,  The  origin  of  .  .  . 

Arrow  poison,  Indian  .... 

Arthur,  J.  C,  Papers  by         .... 

Asia,  America  the  cradle  of  .  .  . 

Assemblage  theory,  Bolzano's  contributions  to 
Asteroids,  Progress  in  computing  tables  of     . 
Astronomical  laboratory  work  for  large  classes 

photographic  measures  made  with  the 
and  without  it  . 
Astronomy  and  mathematics 
The  science  of      . 
Atavistic  variations  in  Onagra  cruciata 
Atkinson,  G.  P.,  Paper  by     . 
Atmosphere  at  Lowe  Observatory 

nucleation  in  during  cold  weather 
of  earth,  Semidiurnal  periods  of 
Atmospheric  circulation  in  the  tropics  . 
Atomic  weight  of  thorium     .... 

weights.  Report  of  committee  on 
d'Atiria,  L.,  Paper  by    . 
Austin,  O.  P.,  Paper  by 
Bain,  S.  M.,  Paper  by    . 
Baker,  J.   H.,  Paper  by 
Ball-bearings,  Friction  in 

Banana,  introduction  of  into  prehistoric  Americ 
Bancroft,   W.   D.,   Paper  by  .  .  . 

Barnard,  E.  E.,  Papers  by     .... 

Barus,   Carl,   Papers  by        ...  . 

Basidiomycetes,  The  nutrition  of  certain  edible 

Baskerville,  Chas.,  Papers  by       . 

Bates,   F.  J.,   Paper  by         ...  . 

Bath  Furnace,  a  new  meteorite  from  Kentucky 

Bauer,  L.  A.,  Papers  by        .....  .         350, 

Beach   sand.    Footprints  on 


173, 


593. 


393 
502 
491 
502 

505 
502 
502 
483 
484 

503 
502 
488 
504 
,  487 
493 
34S 
353 
350 

349 
325 
3^3 
486 
48S 
349 
374 
369 
371 
394 
392 
349 
524 
483 
524 
427 

505 
393 
352 
374 
4S6 

394 
371 

435 
372 
457 


INDEX. 


573 


Beal,  W.  J.,  Papers  by- 
Beeswax,  A  substitute  for 
Bell,  R.,  Papers  by 
Benton,  J.  R.,  Papers  by 
Beryllium,  The  basic  sulphates  of 
Bigelow,  F.  H.,  Papers  by     . 
Binaries,  New  spectroscopic 
Binary-vapor  engine.  Sulphur  dioxide  and  the 
Bio-chemic  Division,  Work  of  the 
Biological  station,  The  Torttigas  as  a 
Bitumens,  Classification  and  nomenclature  of  native 

Methods  for  the  examination  of    . 
Blue  Ridge  of  North  Carolina       .... 
Boas,  Franz,  Papers  by        ..... 
Boat-burial  in  medigeval  romances 

Bogert.  M.  T.,  Paper  by 

Bolivia,  Recent  botanical  explorations  in 
Bolyai  centenary  ...... 

Bolzano's  contribution  to  assemblage  theory 
Bosnia,  A  problem  in  civil  administration 
Botanical  explorations  in  Bolivia 

periodicals  and  citations.  Suggestions  relative  to 
Botany  ....... 

Boyles  law  apparatus,  A  comprehensive 
Brace,  D.  B.,  Paper  b}^         .... 

Britton,  N.  L.,  Paper  by       . 

Brown,  W.  G.,  Papers  by      .... 

Bud,  what  it  is,  and  how  long  may  it  survive 
Bufo  lentiginosus,  Tadpoles  of       . 

Bureavi  of  American  Republics  and  the  Pan-American  Union 
Chemistry,  Nature  of  work  of 

Soils,  Chemical  work  of 
Burial  ceremonies,  Negro       .... 
Burton.  T.  E.,  Paper  by       .... 
Bushnell,  D.  I.,  Paper  by      .... 
Butter,  the  composition  of  renovated  or  process 
Californian  Indians,  The  tribal  and  social  organization  of 
Calkins,  G.  N.,  Paper  by 
Cameron,  F.  K.,  Paper  by     . 

and  A.  Seidell,  Paper  by 
Campljcll,  D.   H.,  Address  by 
Papers  by 

H.  D.,  and  J.  L.  Howe,  Paper  by 

M.  R.,  Paper  by     . 
Cam]jhor.  Optical  rotating  ])ower  of 


43: 


47 


483,488 
■  458 
■  504 
372 
393 
369 
350 
371 
395 
459 
395 
395 
432 
502 

503 
394 
489 
348 
348 
523 
489 
483 
461 

373 
373 
489 

395 
488 

455 
524 
391 
392 
505 
524 
5^5 
391 
501 
457 
392 
394 
463 
484 
393 
432 
394 


83 


574 


INDEX. 


Cannon,  W.  A.,  Paper  by      ■ 

and  D.  T.  MacDougal,  Paper  by 
Canyon   de   Chell3%   The  .... 

Capitalization  and  publicity,  Remarks  on 
Carhart,  H.  S.,  Paper  by        .... 

and  K.  E.  Giithc.  Paper  by 
Cartmel,  W.  B.,  Paper  by       .... 

Carus,  Paul,  Paper  by  .... 

Catfish,  Breeding  habits  of  the  yellow 
Caudell,  A.  N.,  Papers  by  ... 

Cave  fauna,  Program  for  researches  on  the 
Cementation   of  road  material 

Census  work,  The  sovirces  and  margin  of  error  in 
Chamberlain,  A.  J.,   Paper  by 

C.  J.,  and  J.  M.  Coulter,  Paper  by 
Chamberlin,  T.  C,  Paper  by 
Chandler,  S.   C.   Paper  by  ... 

Change   of   volume  in    Clark   and   Cadmium   cells 
Chase,  E.  M.,  L.  S.  Munson,  and  L.  M.  Tolman,  Paper  b 
Chemical  weights.  Table  for  the  calculation  of 
work  of  Bureau  of  Soils 

the  U.  S.  Geological  Survey 
Chemistry  ....... 

Chlorine  derivatives  of  the  quinones.   Notes  on 

determination.  Suggested  improvement  in 
Cholesterol,  does  it  occur  in  corn  oil? 
Chromic  acid  in   chroine  pigments,  A   volumetric  method  of 
determination  of  .... 

Clark,  H.  L..  Paper  by  ...  . 

Clarke,   F.    W.,   Papers  by  .  .  . 

J.  M.,  Paper  by  .... 

Clasping  organs.    Morphology   of  in   certain   external   para- 
sites ...... 

Clements,  F.  E.,  Papers  by 

Cobb,   Collier,    Papers   Vjy 

Coblentz,  W.  W.,  and  W.  C.  Gecr,  Paper  by 

and   E.   L.   Nichols,   Paper  by 

Coherence  of  metals,  conditions  governing  during  an  electri- 
cal  discharge  .... 

Color  photography,  Miley's 

Comet  1902,  a,  Orbit  of  ...  . 

b,    1Q02,  Approach   of  to   planet    Mercury 

Comet's  tail.  Construction  of  in  laboratory 


592 


4«7 

434: 


PAGE. 
488 
489 

370 
370 

37^ 
347 

455 
456 
459 
425 
523 
504 
486 

433 
352 
371 
391 
394 
392 
393 

375 
394 
393 
395 

393 
456 
393 
431 

456 
4S8 
435 
369 
369 

369 
395 
351 
348 
351 


INDEX. 


:>/  ^ 


34^ 
35:^ 
348 

.349 
29 

524 


370 
525 


PAGE. 

Committee  on  anthropometry  .....        546 

atomic  weight  of  thorium.  Report  of  394-  54<' 

weights.   Report  of  ...        392 

biological  variation,  Report  of         .  .  .        54S 

blind  vertebrates,  Report  of  .547 

indexing  chemical  literature,  Report  of  .        544 

Competition.    The   economic   law   of  .  .  .  .523 

Comstock,    G.    C,    Papers    by  ....  348,  ,350 

Conant,   C.    A.,    Paper  by  .  .  .  .  .  .525 

Conic  sections,  a  development  of  by  kinematic  methods 

Constant  of  aberration  from  zenith  telescope  observations 
refraction,  a  method  of  determining 

Constants  of  the  equatorial 

Constitution  ..... 

Consular  service   and  foreign   trade 

Conventionalism  in  American  art 

Cook,  H.   L.,  and  E.   Rutherford,  Paper  by 

O.    F.,    Papers    by  484. 

S.  R.,  Paper  by  .... 

Co-operation,   coercion   and   competition 

Copper  and  other  objects,  are  they  pre-Columbii 
from  Indian  mounds 
ores.    Hydro-metallurgy   of 

Corn  oil,  does  it  contain  cholesterol? 

Corrosion  of  some  ancient  coins 

Corthell,   E.   L.,   Paper  by  ... 

Coulter,  J.  M.,  and  C.  J.  Chamberlain,  Paper  by 

Cowles,   H.   C,   Papers  by  .....         484 

Crampton,  C.  A.,  Papers  b}' 

H.  E.,  Paper  by  ... 

Crania  from  caves  in  Calveras  County,  California 

Cranial  nerves  of  Squalus  acanthias 

Creamery  butter.    Composition    of 

Cretaceous  fishes,  A  locality  for 

Criminology,  Relation  of  anthro])r)mctry  to 

Crop   reporting.    The   requisites   in 

Crosby,  W.  O.,  Paper  by  ... 

Cross,  Whitman,  and  others.  Paper  by 

Crow  legend.  The  theft  of  summer 

Crustaceans  from  the   Island  of  Cul)a 

Cryptobranchus,  The  haliits  of 

Crystalline  rocks  of  southwestern    New    England,    h'^aultii 
in  ...... 

Cul)an   lilind    lish,    Eyes  of  ... 


425 

395 
394 
5-4 
486 

487 
391 
45  5 
502 
458 
526 

431 
502 

5  -' .? 
43  5 
43' 
504 
456 
455 

433 
45  7 


576 


INDEX. 


principles  of  heredity 


Culin,  Stewart,  Address  by 

Paper  by 
Curtis,   G.   C,   Papers  by 

G.   L.,   Paper  by 

\Y.  E..  Paper  by 
Citshman,  A.,  Paper  by 
Cutter,  E.,  Paper  by 
Cyperacea",  Studies  on  the 
Cytological  investigations  and  Mendel's 
Darton,   N.   H.,   Paper  by 
Davis,  B.  M.,  Paper  by 

W.   M.,  Papers  by 
Death  feigning  in  sand  fleas 

Decapod  crtistacea  of  the  northwest  coast  of  America 
Deceased  members,  List  of  ..... 

Deflections  of  the  vertical  in   Porto  Rico 
Dennis,  L.  M.,  and  W.  C.  Geer,  Paper  by 
J.  G.  O'Neill,  Paper  by 
Depression  and  elevation  in  the  area  of  southwestern  New 
England         ........ 

Desert  Botanical  Laboratory  of  the  Carnegie  Institution 
Determination  of  time  by  reversing  on  each  star    . 
Determinations,  time,  at  the  Washburn  Observatory 
De  Vries,  H.,  Paper  by         ...... 

Dewing  of  objectives  and  mirrors,  A  device  to  prevent 
Dialects,  The  gramophone  method  in  collecting     . 
Dielectrics  in  a  magnetic  field,  Double  refraction  of 
Digestive  action  in  pitchers  of  Sarracenia  purpurea 
Dikes  in  the  Oklahoma  Panhandle        .... 

Diplophrys  stercorea.  Nuclear  and  cell  division  in 
Dispersion   of  fuchsin  ...... 

Dissecting  pan,  A  ......  . 

Distribution  of  pressure  around  spheres  in  a  viscous  fluid 

Diurnal  nutation.  New-  examples  of       . 

Dixon,  R.  B.,  Papers  by       ......  503, 

Dodge,  C.  R.,  Paper  by         ...... 

Doolittle,  C.  L.,  Paper  by 

Dorsey,  G.  A.,  Papers  by       .  .  .  .  .  501 

Double  salts  of  organic  acids       ... 
Drainage  basins  of  Minnesota        ..... 
problems  of  irrigation     ..... 
Dubois,  W.  L.,  Wm.  McPherson,  and  C.  P.  Linnville.  Paper 

by 

Ductility  of  steel  under  gradual  and  impact  loading 
Dutif,  A.   W.,   Paper  by 


PAGE. 

493 
501 
^  434 
372 
523 
425 
371 
4S8 

458 
431 
488 

432 
455 
457 


INDEX. 


577 


Dugo;ar,  B.  M.,  Paper  by       . 
Dunnington,  F.  P.,  Papers  by      . 
Durand,  E.  J.,  Paper  by      . 

Dynamo-electric  machines,  Method  of  calculating  the  d 
sions  of  ......  . 

Earle,    F.    S.,    Papers   by       . 

Earth's  surface,  A  penetrating  radiation   from  the 

Ecology,    Applied  ...... 

The  limits  of  ....  . 

Economic  anthropology        ..... 

geology  of  Michigan       .... 

operations  of  the  Treasury  Department 
value  of  the  remaining  public  lands 
work  of  Biological  Survey 

Bvireau  of    Animal  Industrv    . 
Chemistry 
Plant   Industry 
Soils 
Division  of  Entomology  . 
Office  of  Experiment  Stations 
Weather  Bureau 
Edwards,  C.  R.,  Paper  by      ..... 

Ehrbar,  L.  H.,  and  C.  S.  Howe.  Paper  by 
Eigenmann,  C.   H.,  Papers  by       .... 

Elasticity  of  clays         ...... 

copper  and  steel        .... 

Electric  current.  Method  of  analyzing  irregular 

test  retort         ...... 

Electrical  charges  of  water  nuclei 

conductivity  of  solutions  in  Amyl  Amine 
contacts.  Experiments  concerning  very  brief 
engineering  ..... 

Electrolytic  solvent,   Hydrochloric  acid  as  an 
Electromotive  force,  relation  to  change  of  volume  in  Clarl 
and  Cadmium  cells         ..... 

Elements,  Nomenclature   of  ...  . 

EUerman,  F.,  G.  E.  Hale,  and  J.  A.  Parkhurst,  Paper  by 

EUiott,  C.  G.,  Paper  by 

Elm  trees,  Differences  in  wood  of         . 
EmV)ryo-sac    in    Saururacea>  .... 

Emerson,  B.  K.,  Paper  by     ..... 

E.  M.  F.  of  the  Cadmium  cell.  Measurement  of  the 

Daniell  cell.  Notes  on  . 
Emory,  F.,  Paper  by     ...... 

Equation  of  decaying  sound.  Derivation  of    . 


86 


.S7 


486 
394 
484 

425 
48  q 

373 
489 
4S8 
502 
431 
524 
526 
525 
525 
525 
.S25 
525 
525 
525 
525 
524 
348 
■  45  9 
425 
372 
3  74 
392 
3  74 
370 
369 
425 
3  95 

371 
39  5 
349 
426 

483 
487 

43  3 
370 
370 
524 
3(>9 


578 


INDEX. 


Equatorial,  Constants  of  the         .... 

Erosion  phenomena  of  Mount  Pelee  and  La  Soufriere 
Ether,    Nature   of  .....  . 

Ethnological  commission,  The  international 
Etiolation,  effect  of  on  the  cortex  and  periderm  of  trees 

of  seedlings   of   Persea  gratissima 
Euphorbia,  Notes  on  classification  and  distribution  of 
Eutypella  glandulosa.  Range  of  variation 
Evolution  not  the  origin  of  species 
Ewell,  E.  E.,  Paper  by         .  .  . 

Executive   proceedings 
Experimental  medicine,  and  physiology 
Exports  and  imports,  The  relation  between 
Falkner,  R.  P.,  Paper  by 
Farmers,  Education  for 
Faulting  in  the  crystalline  rocks  of  southwestern  New 
land       ...... 

Faunal  conditions  in  Jamaican  waters 
Fernow,    B.    E.,    Papers   by  .  .  . 

Fiber  from  Agave  rigida.  Difference  in  yield  of 
Fireman,  P.,  Paper  by  .  .  . 

Fishes,  Bones  of  the  shoulder  girdle  of 
Fossil  from  Mt.  Lebanon,  Syria 
Sense  of  hearing  in 
Flather,  J.  J.,  Address  by 
Fletcher,  A.  C,  Papers  by 
Flint,  A.  S.,  Paper  by    . 
Focke,  Theo.  M.,  Paper  by 
Folk-lore    of   the    Aleut 
Foote,  A.  R.,  Paper  by 
Foot-prints  on  beach  sand 
Foreign  trade  and  the  consular  service 
Forest  ecology  in  northwestern  Montana 
Fossil  fishes,  from  Mt.   Lebanon,  Syria 

man  of  Lansing,  Kansas 

petal  of  magnolia 
Fossils   supposed   to   be   sea-weeds 
Franklin,  E.  C,  Paper  by     . 
W.   S.,   Address  by 
Paper  by 
Frazer,  Persifor,  Paper  by 
Frederick,   C.   W.,   Paper  by 
Friction  between  solids  and  liquids 

in  ball-bearings 
Frost,  E.  B.,  and  W.  S.  Adams,  Papers  by 


Ens 


PAGE. 

349 
434 

349 
502 

489 
487 
485 
483 
484 
393 
537 
527 
524 
523 
526 

433 
456 
489.  525 
485 
372 
458 
458 
455 
399 
501 
352 
371 
504 
523 
457 
524 
488 

458 
434 
487 
485 
395 
357 
369 
434 
349 
372 
427 

350 


INDEX. 


579 


Fuchsin,   Dispersion   and  absorption   in 
Fungi,  Types  of  the  Linnsean  genera  of 
Fungicides  producing  intumescences     . 
Fungous   disease  of  the   mulberry  fruit 
Furnace  gases,  Errors  in  analyses  of     . 
Gage,  S.  H.,  Paper  by  .... 
S.    P.,   Paper  by  ... 

Galaxy,  Form  and  structure  of     . 
Galloway,   B.   T.,   Paper  by 
Galvanometer,  Construction  of  a  sensitive 

The  damped  ballistic 
Gartner  mounds,  The  excavation  of  the 
Gases,   Three  new  .... 

Geer,  W.  C,  and  W.  W.  Coblentz,  Paper  by 

L.  M.  Dennis,  Paper  by 
General  Secretary,   Report  of 

Geographic     development    of    Western      Pensyl 
Southern  New  York     . 
distribution  of  members 
Geologic  chronology  of  the  American  race 
Geological  Survey,  Chemical  work  of 
Geology  and  geography 
Geometrical  analysis,  Note  on  a     . 
Geometry.  The  teaching  of    . 
Gies,   W.   J.,   Papers  by 

and  B.  C.  Gruenberg.  Paper  by 
R.  H.  Trtie.  Paper  by 
Gilbert.  G.  H.,  Papers  by     . 
Gill,  A.  H.,  Paper  by     . 

Theo.,   Papers  by  .  .  . 

Glacial  age.  Criteria  requisite  for  the  reference  of  relic 
cirques  and  rock-terraces  on  Mt.  Toby,  Mass. 
features  of  lower  Michigan 
Glaciation  of  the  Berkshire  Hills,  Studies  in  the 
Glass,  The  thermal  conductivity  of 
Globba,  Aerial  propagative  roots  of 
Goebel,    K.,    Paper   by 
Gold,  Effects  of  the  inflow  of 
Golden,  M.  J.,  Paper  by 
Golder,  F.  A.,   Paper  by 
Gomberg,   M.,   Pa])er  by 
Good   seeing 

Gramophone  method  in  colU'Cting  dialects 
Grasshoppers,  Four  new  species  of 
Great  cities,   Growth  of        .  .  . 


and 


to 


Page. 

371 
486 

484 
484 
427 

455 
458 

351 
525 
369 
370 

502 

350 
369 
393 
539 

432 
190 

505 
393 
429 
348 

347 
87,  488 
489 
488 
432 
3  95 
45S 
433 
433 
433 
433 
370 
489 
486 

524 
427 
504 
395 
347 
5°?> 
456 

524 


58o 


INDEX. 


Green,   B.   R.,   Paper  by       .... 

Growth  as  affected  by  light  and  darkness 

Gruenberg,   B.   C,  and  W.  J.   Gies,   Paper  by 

Haida  mythology  ..... 

Hale,  G.  E.,  F.  EUerman,  and  J.  A.  Parkhurst,  Paper  by 

and  N.  A.  Kent,  Paper  by 
Hall,  Asaph,  Address  by       .  .  . 

Paper  by   .... 
C.   W.,   Paper  by 

E.H.,  Paper  by     .... 
Halsted,    G.    B.',    Papers   by 
Hanging  valleys  of  Georgetown,  Colorado 
Hatt,  W.   K.,   Paper  by 
Haupt,  L.  M.,  Paper  by 
Hay,  O.   P.,   Papers  by 

W.    P..    Paper   by 
Hayes,  E.,  Paper  by 
Hayford,  J.  F.,  Paper  by 
Hays,  W.  M.,  Paper  by 
Hearing   in    fishes 

Heat  exchanges  within  the  steam  engine 
Heavy  metals.  Physiological  action  of  in  mixed  solutions 
Heilprin,  Angelo,  Paper  by 
Herbaria  illustrating  plant-formations 
Herrick,  C.  J.,  Paper  by 
Hewett,  E.  L.,  Papers  by  . 
Hexaphenylethane,  Condensation  of  triphenylmethyl  to 
High  tension  coil.  Demonstration  of  a  portaVjle 
Hill,   D.   J.,   Address  of 

G.   A.,   Paper  by 

R.   T.,   Papers  by 
HiUig,   F.   J.,   Paper  by 
Hillyer,  H.  W.,  Papers  by 
Hitchcock,   A.   S.,    Papers   by 
C.   H.,   Paper  by 
Hobbs,  W.  H.,  Papers  by 
HoUick,  A.,  Paper  by    . 
Holmes,  J.  A.,  Paper  by 
S.  J.,  Paper  by 
W.    H.,    Papers   by 
Homologous  alternation.  Antithetic  versus 
Honorary   Fellows         .... 
Hopewell  group.  Copper  from  the 

Human  bones  from 
Hopkins,  A.  J.,  Paj)er  by 


PAGE. 
426 
489 
489 

349 
350 
3^3 
348 
432 
372 
347. 348 
435 
425 
426 

^31-  458 
456 

433 
426 
526 

455 
427 
48S 
434 
487 
457 
505 
395 
372 
550 
348 

505 
371 
394 
tS5,  489 
433 
433 
487 
435 
455 


t35. 


5« 


483 

40 

501 

502 

393 


INDEX. 


581 


Horizon  at  Lowe  Observatory 
Hough,  G.  W.,  Address  of 
Hough,  G.W.,    Paper  by      . 
Hovey,  E.  O.,  Papers  by 
Howard,  L.  O.,  Paper  by 
Howe,  C.  S.,  and  L.  H.  Ehrbar,  Paper  by 
J.   L.,   Paper  by 

and  H.  D.  Campbell,  Paper  by 
M.  A.,  and  L.  M.  Underwood,  Paper  by     . 
Hull,  G.  F.,  and  E.  F.  Nichols,  Papers  by     . 
Human  bones  from  the  Hopewell  group 

embryo,  Unusual  attitude  of  a  four  weeks' 

remains  found  near  Lansing,  Kansas 
Humphreys,  W.  J.,  Papers  by     .  .  34Q,  350,  3 

Hunter,  G.  W.,  Paper  by       . 

Hurons,  A  legend  of  the       ..... 
Hydrazines,  Action  of  on  certain  chlorine  derivatives 
Hydro-carbons  in  illuminating  gas.  The  determination  of 
Hydrochloric  acid  as  an  electrolytic  solvent 

in  variotis  solvents,  Action  upon  metals  o 
Hydrogen,   Wave  lengths  in  ...  . 

Hydrographic  work  of  the  U.  S.  Geological  Survey 
Hydro-metallurgy   of   copper   ores 
Hyla  versicolor,  Tadpoles  of 
Hypocrea   alutacea,   The  life-history   of 
Iddings,  J.  P.,  and  others,  Paper  by 
Igneous  rocks,   A   classification   of 
Immigration  problem.  Recent  aspects  of 
Incomplete  observations 
Incorporated  scientific  bodies 
Incorporation,    Act   of 
Indians  of  CaHfornia,  Tribal  and  Social  organization  of  the 
Inflation  through  the  expansion  of  bank  deposits 
Inflow   of  gold.    Effects   of  the 
Infra-red   emission   of   mercury   arc 
Insular  afifairs,  Work  of  the   Bureau  of 
Iodine  absorption  of  oils 
Irrigation,  The  drainage  problems  of 

problem.  Sociological  aspects  of  the 
Isoapiol  and  Isosafrol,  Derivatives  of 
Jacoby,  H.,  Paper  by  .... 

H.  S.,   Paper  by  ... 

Jamaican   waters,   Fauna]   conditions  in 
Jefferson,  M.  S.  W.,  Paper  by 
Jeffrey,   E.  C,   Paper  by 


51 


73 


PAGE. 

349 
327 
351 
434 
525 
348 
392 
393 
486 

.  372 
502 

458 
502 

-  374 
457 
504 
394 
393 
395 
392 
350 
427 
425 

45  5 
488 

431 
431 
523 
377 
189 
28 

501 
524 
524 
369 
524 

391 
426 
526 
392 
349 
425 
456 
432 
488 


S82 


INDEX. 


Johnson.  D.  S.,  Paper  by  ... 

J.  F.,  Paper  by  ... 

Jones,   L.    R.,    Paper  by  ... 

P.   W.,  Paper  by  ... 

Julien,   A.   A.,    Paper   by  ... 

Jupiter,  Physical  constitution  of 

Rotation  of  .... 

Kahlenberg,   Louis,  Papers  by 
Keasbey,    L.    M.,    Papers  by 
Kellerman,  W.  A.,  Papers  by 
Kent,  N.  A.,  and  G.  E.  Hale,  Paper  by 

Wm.,  Paper  by  .  .  .■         . 

Keyser,  C.  J.,   Paper  by  ... 

Kinematic  methods,  in  conic  sections 
Kinsley,  Carl,  Papers  by 
Knapp,  M.  A.,  Paper  by  ... 

Kroeber,  A.  L.,  Papers  by  ... 

Krypton,  a  new  gas  .... 

Labor  question.  The  psychology  of 
Lake  Arickaree,  Further  notes  on 

Minnesota  geological  survey,  Some  results 
Lampris,    Systematic   relations    of 
Lane,  A.  C,  Paper  by  .... 

Langley,  .S.  P.,  Papers  by  ... 

and  C.  G.  Abbott,  Paper  by 
Larkin,   E.   L.,   Paper  by 

La  Soufriere,  Causes  of  death  during  eruption  of 
Leaf  cuticle.  Manipulation  of  sections  of 
Leaf-spot  fungus  of  the  grape,  Cultures  of 
Lepidoptera,  Variation  and  natural  selection  in 
Le  Rossignol,  J.   E.,  Paper  by 
Lesser  Antilles,  The  geologic  and  physiographic  h 
Leuschner,  A.  O.,  Papers  by  ... 

Leverett,  Frank,  Paper  by  ... 

Library  of  Congress,  Construction  of 
Light,   Velocity   of  .... 

Lightning,  Data  bearing  on  the  occurrence  of 
Lindsey,  E.,  Paper  by  .... 

Ling,  C.  J.,  Paper  by  .... 

Linnsean  genera  of  fungi.   Types  of 
Linnville,C.  P.,Wm.  McPherson,  and  W.  L.  Duboi 
Liquids,  Viscosity  of  at  low  rates  of  shear 
Lloyd,  F.  E.,  Paper  by  .... 

Loess,  The  problem  of,  in  the  Missouri  valley 
Logan,  W.   S.,   Paper  by  ... 


of 


story 


of 


,  Pap 


er  bv 


PAGE. 
487 

486 

435 
327 
347 
31°^  392 
502, 525 
483,486 

350 
427 

348 
348 
569.  425 

23 
ioi,  503 
350 
509 
435 
431 
458 
431 
347 
369 
349 
434 
483 
485 
455 
523 
435 
351 
433 
426 

370 
374 
502 
348 
486 
394 
373 
485 
435 
523 


INDEX. 


583 


Logwood,  Studies  of  varieties  of 

Long,  J.  H.,  Paper  by 

Lovett,  E.  O.,  Papers  by  .....         348 

Lowell,   P.,   Paper  by 

Lucifuga,    Eyes   of 

Lunar  caderas 

MacDougal,  D.  T.,  Papers  by  ....         484 

and  W.  A.  Cannon,  Paper  by 
Macfarland,  H.  B.  F.,  Address  of 
Macloskie,  Geo.,  Paper  by 
MacMillan,   C,   Paper  by 
Magic  ship  in  mediaeval  romances 
Magnesium,  Action  of  metallic  on  aqueous  solutions 

carbonate.    Solubility    curves    of    in    aqueous 
solutions       ...... 

Magnetic  and  electric  deviation  of  the  rays  from  radium 
instruments.  Results  of  comparisons  of 
results   from  eruption  in  Martinique 
rotary  dispersion   of    solutions  of  anomalous  dis 
persive   substances 
Magnolia,  A  fossil  petal  of 
Maidu,  Cultural  differentiation  of  the 

mythology,  System  and  sequence  in 
Male  preponderance  in  Lepidoptera 
Mark,   E.    L.,   Paper  by 
Martensia,  The  fenestration  of 
Martinique  .  .... 

Magnetic  results  obtained  from  erupt 
Mathematics   and   astronomy 
Fovindations   of 
Matthews,  W.,   Paper  by 
Mayer,   A.   G.,    Paper  by 
McCurdy,  G.  G.,  Paper  by 
McGee,  A.   N.,   Paper  by 
W    J,    Papers    by 
McGregor,  J.   H.,  and  H.  F.  Osborn,  Paper 
McKenna,    C.    F.,    Papers   by 
McLennan,   J.    C,    Paper   by 
McPhcrson,  Wm.,  W.  L.  Dubois,  and  C.  P.  Linnville,  Paper 

by 

Mead,  El  wood.  Paper  by 

Mechanical  problems  of  a  new  ore-producin 

science  and  engineering 
Meetings  of  the   Association 
Members  and  Fellows 

of  Association 


terr 


itory 


489 
391 

.  349 
347 
457 
433 

,  489 
489 

549 
483 
487 

392 


INDEX. 


Mendflian  theory  of  hybrids.  The  cytological  basis  of 
Mendel's  principles  of  heredity,  Notes  on 
Mercury  arc,   Infra-red  emission  of  ... 

Meridian    instruments.    Improvement    in    the    mounting 

fixed  ....... 

Meridian  observations  for  stellar  parallax 
Merriam,  C.  H.,  Paper  by  .... 

Metallic  arch  bridges,  Comparative  designs  of 
Metallurgical   product,    A    new 

Metals,  Action  of  solutions  of  hydrochloric  acid  upon 
Metamorphism    in    relation    to    the    redistribution    of    the 

chemical   elements 
Meteorite,  A  new,  from  Kentucky 

from  Augusta  County,  Virginia 
Metric  system  ..... 

Microscope  objective.   One    seventy-fifth  inch 
Miley's  color  photography 
Military  insignia  of  the  Omaha 
Miller,  A.   M.,  Paper  by  ... 

D.  C,  and  E.  W.  Morley,  Papers  by 
H.   H.,   Paper  by        ...  . 

J.  S.,  Paper  by  .... 

L.   K.,   Paper  by        .... 
Mills,   W.   C,   Paper  by         ...  . 

Mison,   North  American  species  of  the  gentis 
Mitchell,  A.  S.,  Paper  by  ... 

G.  E.,  Paper  by  ... 

Mitrula,  Synopsis  of  the  genus 
Modern  tendencies  in  the  utilization  of  power 
Molgula  manhattensis.  The  heart  of 
Monetary  reform  .... 

Money;  is  an  ideal  one  obtainable? 
Monopoly,   The   economic  law   of 
Montagnais,  A  legend  of  the 
Mont  Pelee,  Destruction  from 

Eruptions  of 
Moore,  B.   E.,  Paper  by 
C.   B..   Paper  by 
W.  L.,  Paper  by 
Moorehead,   W.   K.,   Paper  by 
Morley,  E.  W.,  and  D.  C.  Miller.  Papers  by    . 
Mortuary  pottery  from  Pajarito  Park  and  Tewa 
Mosquito  larvae.  Effect  of  low  temperatures  on 
Motion  of  85  Pegasi      ..... 
Motions   of  faint   stars  .... 


INDEX. 


58s 


Mottier.  D.  M.,  Paper  by       .... 

Moulton,  F.  R.,  Paper  by       .... 

Mt.  Katahdin,  Notes  on  flora  of     . 
Mulberries,   A  fungous  disease   of 
Munson,  L.  S.,  and  L.  M.  Tolman.  Papers  by 
Murrill,  W.  A.,  Papers  by      .... 

Musical  instruments.  Mechanical  efficiency  of  in  prodi 
sound  ...... 

Mythology,  Haida  ..... 

of  the  Yurok       .... 

Myths  of  gestation  and  parturition 
Nahuatt    house    types  .... 

Natural  selection  in  Lepidoptera 
Nebulosity  around  Nova  Persei,  Cause  of 
Needham,  C.   W.,  Address  of        .  .  . 

Negro   burial   ceremonies   and   societies 
Neon,  A  new  gas  ..... 

Newcomb,  Simon,   Paper  by         .  .  . 

Newell,  W.  W.,  Paper  by      .... 

Nichols,  E.  L.,  and  W.  W.  Coblcntz,  Paper  by 
E.   F.,  and  G.   F.   Hull,  Papers  by' 
Nomenclature  of  elements  and  radicals 
Non-spherical  surfaces.  Theory  of 
North  Carolina  coast,  Recent  changes  in 
Norton,  J.  B.,  Paper  by        .  .  . 

J.   B.   S.,   Paper  by 
Nova  Persei,  Cause  of  nebulosity  around 
Nuclear  and  cell  division  in  Diplophrys  stercorea 

Some  experiments  in 
Nucleation  of  atmosphere  during  cold  weather 
Nudibranchs,    Natural   history   of 
Numerical  variation   in  plants 
Nutrition  of  certain  edible  Basidiomycetes 
Nutting,   C.   C,   Address  by 

Paper  by 
Observations,    Incomplete    . 
Officers  of  meetings  of  Association 
Section  A 

B 

C 

D 

E 

F 

G 

H 

I 

K 


551 


PAGE. 
487 

487 
484 

486 

373 
504 
503 
503 
505 
455 
351 
554 
505 
350 
353 
503 
369 
372 
395 
352 
435 
484 
485 
351 
483 
485 
374 
455 
484 
486 

439 
457 
377 
17 
326 

356 
376 
398 
430 
438 
462 
492 
508 

::2S 


S86 


INDEX. 


Ojibwa   ceremonial,   An 
Olive,  E.  W.,  Paper  by        .  .  . 

Omaha,  Military  insignia  of 
Onagra  cruciata.  Atavistic  variations  in 
O'Neill,  J.  G.,  and  L.  M.  Dennis,  Paper  by 
Opposite  leaves,  Mutual  irregularities  in 
Oranges,  Production  of  new  varieties  of 
Orbits  from  three  observations,  A  method  of  determining 
in  rectangular  co-ordinates,  Method  of  computing 
Orbit  of  comet  I Q02,  o  ...... 

Solution  of,  irrespective  of  parallax  and  aberration 
Organic  acids.  Some  double  salts  of       . 
Organization  among  employers.   The  necessity  of 
Origin  and  aims  of  the  new  Section  of  Physiology  and  Ex 

perimental  Medicine 
of  species.  Evolution  not  the 

terrestrial   plants 
Orthoptera  from  the  southwest 
Orton,  W.  A.,  Paper  by 
Osborn,   Herbert,   Papers  by 

H.  P.,  Paper  by       . 

and  J.  H,  McGregor,  Paper  by 
Oyster,  Attempts  to  introduce  the  Eastern  into  bays  of  th 

Oregon  coast 
Ozone  generator.  Demonstration  of 
Packard,  A.  S.,  Paper  by 
Page,  L.  W.,  Paper  by 
Palaeontology  in  New  York  State,  Current  work  in 
Pan-American    Union,    and    the    Bureau    of    American    Re 
publics  ........ 

Parasites,  Morphology  of  clasping  organs  in  certain  externa 
Parker,  G.  H.,  Paper  by 

H.C.,  Paper  by 
Parkhurst,   J.   A.,    Paper  by 

G.  E.  Hale,  and  F.  EUerman.  Paper  b}' 
Parry,  D.   M.,  Paper  by 
Parsons,  C.  L.,  Paper  by 
Patagonian  flora,  Origin  of  the 
Patent  system.  Science  and  the 
Patrons         ..... 

Patten,  H.  E.,  Paper  by 

Pawnee,   Recent  investigations  among 

star-lore 
Pecos  Indians,  The  extinction  of  the 
Pccjuot  language  and  people 


5C' 


INDEX. 


5«7 


Periodic  solutions  of  the  problem  of  ii  bodies 
Permanent  Secretary,  Report  of  the      .... 

Permanganates,   Absorption  curves  of  .  .  . 

Perplexities  of  a  systematist         ..... 

Persea  gratissima,   Etiolation  of  seedlings  in 

Personal  equation,  A  device  to  prevent 

Peters,  G.  H.,  Paper  by        ...... 

Petrographic  history  of  the  Caribbean  Islands 
Phasmidae  of  the  United  States      ..... 

Phenmiazine  group.  New  syntheses  in  the     . 

Phenols,  Some  picryl  derivatives  of      . 

Phosphates  and  silicates,  Colorimetric  determination  of 

Photographic  shtitters,  Measures  of  the  speed  of    . 

Photoheliograph  of  the  U.   S.   Naval  Observatory 

Physical  constitution   of  planet  Jupiter 

Physics  ......... 

Physiographic  belts  in  Western  New  York     . 

Geology,  In  relation  to  types  of  rivers    . 
youth,  A  type  of    . 
Physiology  and   experimental   medicine 

Origin  and  aims  of 

the  new  Section  of 

of  the  cell,  Contribution  to  the   . 

Picrates  of  the  rare  earths      ...... 

Pima  annals  ........ 

Pineapples,  Composition  of  fresh  and  canned 

Pines  of  the  Isle  of  Pines       ...... 

Pirsson,  L.  V.,  and  others,  Paper  by      . 

Planets,   Rotation  of  certain         ..... 

Secular   perturbations   of       . 
Plant  rusts.  Problems  in  the  study  of     . 
Plants,  The  origin  of  terrestrial      ..... 

Podophyllum   peltatum,    as   an    anomalous    dicotyledonovis 

plant  .  . 

Polyporaceaj,  The  genera  of  ...  . 

Pond,   F.   J.,   Paper  by  .....  . 

Popular  science  ....... 

Portland  cement  considered  as  a  solid  solution 
Potential,  Drop  of,  at  the  cathode  in  vacutim  tubes    . 
Powers,  Le  Grand,  Paper  by        ....  . 

President,  Address  of  the  retiring         .... 

Pressey,  H.  A.,  Paper  by      ...... 

Pressure-tube  anemometer.  Theory  and  use  of 
Primates,  Questions  as  to  the  arrangement  of  the 
Prince,  J.  D.,  and  F.  G.  Speck,  Paper  by       , 


588 


INDEX. 


Problem  of  four  bodies,  Solutions  of       . 

»  bodies,  Solutions  of  .  .  . 

The  integrals  of 
Proboscidea,  Evolution  of,  in  North  America 
Protoplasmic   old   age  ..... 

Psychology  of  the  labor  question 
Public  lands.  Economic  value  of  the  remaining     . 
Purdue,  A.  H.,  Paper  by       ..... 
Quinn,  J.  T.,  Paper  by  ..... 

Quinones,  chlorine  derivatives  of.   Notes  on 
Radial  velocities  of  twenty  stars 
Radiant  efficiency,  Method  of  measuring 
Radiation  from  the  earth's  surface 

Pressure  due  to  .  .  . 

Radicals,   Nomenclature  of  .... 

Radioactivity  excited  at  the  foot  of  waterfalls 
of  freshly  fallen  snow 
Possible  cause  of  ... 

Radium,  Notes  on  the  absorbed  rays  from 
Railway  bonuses  in  the  United  States  and  Canada 
Ramsay,  R.  R.,  Paper  by      ..... 
Rare  earths.  The  picrates  of  ...  . 

Rathbun,  Mary,  Paper  by     ..... 
Reaction  versus  Velocity  as  agent  in  removing  bars 
Redistribution  of  the  chemical  elements.  Relations  of  meta- 

morphism  to 
Reduction  with  soluble  anodes 
Reese,  A.   M.,  Paper  by 
Regeneration  in  plants 
Relief  maps.  Scientific 
Religion  of  the  Arapaho 
Remsen,  I.,  Address  of 
Report  of  committee  on  anthropometry 

atomic  weight  of  thorium 
biological  variation 
blind  vertebrates    . 
indexing  chemical  literature 
the  General  Secretary 

Permanent  Secretary     . 
Treasurer      .  .  .  .  . 

Reptilia,  division  of  into  two  groups 

Reseau,  use  of  in  astronomical  photographic  measures 
Retort,  an  electric  test 
Rhyolite,  A  highly  viscous  eruption  of 
Richards,   H.   M.,   Paper  by 


INDEX. 


>89 


icw   of  physiogra])hic 


Richardson,   C,    Papers  by 
Riella,  Notes  and  descriptions 
Right  of  the  laborer  to  his  job 
Rivers,  Two  types  of,  from  point  of 

ecology  .... 

Road  material  laboratory 
Roberts,  E.  H.,  Paper  by 
G.  E.,  Paper  by 
Rockhill,  W.   W.,  Paper  by 
Rollers  and  double  rollers  at  the  island  of  Ascension 
Rotations  of  planets  Jupiter,  Saturn,  and  Venus 
Rotch,  A.  L.,  Paper  by  ...  . 

Rouliniella,  Notes  on  the  genus 
Rowlee,  W.  W.,  Paper  by      .... 
Russell,    Frank,    Papers   by 

I.  C,  Papers  by        ...  . 

Rutherford,  E..  Paper  by  .... 
and  H.  L.  Cook,  Paper  by  . 
Saint  Loup's  linkage  ..... 
Salmon,  D.  E.,  Paper  by  .... 
Sand  dune  floras  of  Cape  Cod  and  Lake  Michigan 

fleas.  Death  feigning  in        .  .  . 

Sandhill  topography  of  the  Carolinas,  Origin  of 
Sandusky  region,  Faunal  characteristics  of    . 
Sap  in  sugar  maple,  Pressure  and  flow  of 
Sargent,  P.  E.,  Paper  by      .... 
Sarracenia  purpurea.  Digestive  action  in  pitchers 

New  pigment  in  leaves  of 
Saturn,  Rotation  of      . 

Saururaceae,  Development  of  the  embryo-sac  in 
Schlundt,   H.,  Paper  by 
School  gardens      .... 
Schreiner,  Oswald,   Paper  by 
von  Schrenk,  Hermann,  Paper  by 
de  Schweinitz,  E.  A.,  Paper  by 
Science  and  the  patent  system 

at  the  World's  Fair,  St.   Louis,   1904 
Scripture,    E.    W.,   Paper  by 
Section  A      . 

Address  of  vice-]jresi(lent 

Officers   of 
B 

Address  of  vice-president 

Officers  of      . 


contrasted 


of 


PAGE. 

395 
486 

523 


590 


INDEX. 


Section  C 


D 


Address  of  vice-president 
Officers  of      . 

Address  of  vice-president 
Officers  of 


H 


Officers  of 

Address  of  vice-president 
Officers  of      . 

Address  of  vice-president 
Officers  of 

Address  of  vice-president 
Officers  of 
I  .  .  . 

Address  of  vice-president 
Officers  of      . 
K  .... 

Address  of  vice-president 
Officers   of 
Origin  and  aims  of 
Secular  perttirbations  of  the  planets 
Seeing  at  Lowe  Observatory 
Seidell,  A.,  and  F.  K.  Cameron.  Paper  by 
Selby,  A.  D.,  Papers  by        . 
Sense  organs  of  fashes,  A  classification  of 
Serpentines,  genesis  of  those  of  Manhattan  Islan 
Shear,   C.    L.,    Paper  by 
Shearer,  J.  S.,  Paper  by         ...... 

Shifting  of  faunas  as  a  problem  of  stratigraphic  geolo^ 

Shore  features  of  Lake  Huron 

Shoulder  girdle  of  fishes 

Silicates  and  phosphates,  Colorimetric  determination 

Simms,  S.  C,  Paper  by        . 

Skinner,  C.  A..  Paper  by       . 

Smallwood,  W.  M..  Paper  by 

Smith,  H.  M.,  Paper  by         ...  . 

J.  B.,  Paper  by  ...  . 

Soap  solutions,  New  phenomena  exhibited  by 
Social  and  economic  Science 
Sociology,  Some  views  of  recent 
Solar  constant  and  related  problems 


of 


375 
377 
376 
397 
399 
398 
429 

430 
437 
439 
438 
461 
463 
462 
491 

493 
492 

507 
509 
50S 

527 
529 
528 

529 
348 
349 
394 

t85,  487 
457 
433 
483 
372 
431 
432 
45S 
393 
504 
r^7A 
45  5 
455 
45  5 
3  94 
507 
524 
347 


INDEX. 


591 


dergone  by 


the    ereat 


Solar  corona,  instrument  for  photographing 

Solubility  curves  of  magnesiiim  carbonate  in  aqueous  solutions 

Sound,    Apparatus   for   measuring 

Southerly  deviation  of  falling  bodies 

Spark  spectra  in  liquids 

Special  committees  of  the   Association 

Specific  gravity  of  urine.  Relation  of  to  the  solids  present 

Speck,  F.  G.,  and  J.  D.  Prince,  Paper  by 

Spectra  of  stars  of  Secchi's  fourth  type 

temporary  stars  .... 
Spectroscopic  binary  >/  Ononis,  the  orbit  of  the 

methods,  Methods  in 
Spectrum   bands.   On   certain 

photography,   Use  of  certain  screens 
Spencer,  J.  W.,  Paper  by      . 
Spindle  whorls  from  Mexico  and  Colombia     . 
Spirits  produced  from  grain.   Composition  of 

stored  in  wooden  packages.  Changes  un 
Springsteen,  H.  W.,  Paper  by 
Squalus  acanthias.  The  cranial  nerves  of 
Star-lore,    Pawnee         .... 
Stars,  Micrometrical  triangulation   of  some 
globular  clusters 

Notes  on  variable 

The  light  of        ...  . 

Steam  engine.  Heat  exchanges  within  the 
Steel,   Ductility  of,  under  loading 
Steiner,  R..  Paper  by    .... 
Stellar  motion,  and  nature  of  ether 

parallax,  Meridian  observations  for 
Stevens,    F.    L.,    Papers    by  .  .  .  483, 

Stewart,   G.    W..   Paper  by 

O.  M.,  Paper  by 
St.  Louis  meeting.  Officers  of 
Strains  in  rocks     ..... 

Stratigraphic  geology.  The  shifting  of  faunas  as  a  problem  in 
Stress  ... 

Strong,  O.  S.,  Paper  by  .  .  . 

R.  M..  Paper  by 
Structure  in  mass  of  sun,  Evidences  of 
St.  Vincent  ..... 

Substitvition  and  adulteration.  Need  of  action  regarding 
Sugar  maple,  pressure  and  flow  of  sap  in  the 
Sulphur  dioxide  and  the  binary-vapor  engine 
Sulphuric  acid.  Preparation  of  standard  solutions  of 


PAGE. 

394 
370 
37- 
350 
13 
391 
503 
349 
35° 
352 
349 
350 
374 
434 
503 
391 
391 
370 
458 
501 

352 
352 
352 
427 

425 

505 
349 
352 
485 
372 

370 
10 

371 
431 
425 
4S8 
458 
347 
434 
392 
486 

371 
393 


592 


INDEX. 


Sun,   Structure  in   mass   of 

Surnames,  Origin  of 

Survivals.  Certain   Maryland 

Surviving  Founders 

Swanton,  J.  R.,  Paper  by 

Swingle,  W.  T.,  and  H.  J.  Webber,  Paper  by         .  . 

Synchytrium  decipiens.  Some  undescribed  structures  in 

Systematist,   The  perplexities  of  a 

Table  for  calculation  of  chemical  weights 

Tadpoles  of  toads  .... 

Taylor,  F.  B.,  Paper  by        .  .  . 

Teaching  of  geometry 
Telescope  objectives,   Construction  of 

Terraces  in  the  upper  Connecticut  River,  Protection  of 
Tertiaries  at  Green   River,  Wyoming,  Fresh-water 
Tertiary  formation  of  the  northern  great  plains.  Some  rela 
tions  of  ........ 

Theft  of  summer,  A  Crow  legend  .... 

Thermal  conductivity  of  glass       ..... 

Thermodynamic  formula?  for  isotropic  solids 
Thermodynamics,   Second  law   of  ...  . 

Thorium,   Atomic  weight   of  ....  . 

Three  or  more  bodies,  The  problems  of        . 
Thurston,  R.  H.,  Papers  by  .  .  .  371^ 

Timber  supply  of  the  United  States,  Outlook  of  the 
Tittmann,  O.  H.,  Paper  by    ..... 

Toads,  Tadpoles  of       .....  . 

Todd,  D.   P.,   Papers  by 

J.   E.,   Paper  by  ..... 

Tolman,  L.  M.,  and  L.  S.  Munson,  Papers  by 
Tooker,  W.  W.,  Paper  by     ..... 

Topographic  work  of  geological  survey  in  Northern  Canada 

U.    S.   Geological   Survey 
Topography,  The  saddle-back  of  the  Boone  Chert  Region 
Tortugas,  as  a  biological  station  for  research 
Torus  longitudinalis  of  the  Teleost  brain.  Notes  on 
Townley,  S.  D.,  Paper  by     . 
Translation  of  a  gas  in  a  vacuum.  Motion  of 
Treasurer,  Report  of  the       ...... 

Triangulation,  Rapid  primary      ..... 

Triphenylmethyl,  Condensation  of  to  hexaphcnylethane 
Tropical  development,  a  necessity  of  world  progress 

fruits,  Chemical  composition  of  some 
True,    A.    C,    Paper   by         .....  . 

R.   H.,  and  W.  J.  Gies,  Paper  by        .  .  .     • 


INDEX. 


593 


Tube-guessing  game  of  American  Indians 

Turgidity,  Effect  of  wounds  on     . 

Ultra  violet  light,  Screens  transparent  only  to 

Underwood,  L.  M.,  and  M.  A.  Howe.  Paper  by 

Upham,   Warren,    Paper  by  .... 

Uredinae  in  1902,  Cultures  of        ...  . 

Uredinous  infection.  Suggestions  and   experiments 

Urine,  Specific  gravity  of      . 

Utilization  of  power.  Modern  tendencies  in  the    . 

Vacuum  tubes,  Critical  current  density  at  the  cathode 

Vail,  A.   M.,  Papers  by 

Valley  Loess  of  Lansing,   Kansas. 
Van   Hise,  C.   R.,   Papers  Ijv  ... 

Vaporization  of  oxygen  and  nitrogen,  The  heat  of 
Variable  stars,  Observations  and  sight  curves  of  some 

photometric    and    photographic  observation; 

of 

Varieties  of  oranges,   Production  of  new 
Variation  in   Eutypella  glandulosa 

Lepidoptera       .... 

plants,  Numerical 
Vegetation  of  mountains.  Notes  on 
Velocity  of  light.  Notes  on     .... 
Venus,  Rotation  of       ....  . 

Very,  F.  W.,  Papers  by         ...  . 

Vincetoxicum,  a  new  species  of  from  Alabama 
Viscosity  of  liquids  at  low  rates  of  shear 
Wabiniki,  A  legend  of  the      ... 
Walcott,C.  D.,  Address  of     .... 
Waldo,  C.  A.,  Papers  by 
Walking-sticks,  of  the   United   States 
Wardle,  H.  N.,  Paper  by       .... 
Wart-like  intumescences  resulting  from  various  fungick 
Washburn,   F.   L.,   Paper  by  .  . 

Washington,  H.  S.,  and  others.  Paper  by      . 

meeting,    Ofticers   of 

Monument,  Construction  of 
Waterfalls,  Radioactivity  excited  at  the  foot  of 
Water  nuclei,  electrical  charges  of 
Waiters,  L.  L.,  Paper  by       . 

Wave  lengths  of  Rydberg's  first  line  of  hydrogen 
motion,  A  new  apparatus  for  demonstrating 
propagation.  Velocity  of,  and  the  nature  of  tthi-r 
Wead,  C.   K.,  Paper  by 
Webb,  j.   B.,  Papers  by 4-^5. 


425,  4 


des 


48S 

374 
48  6 

434 
487 
486 

391 
399 

374 

48y 

434 
433 
372 
352 

352 
484 

483 

45. S 

484 
487 
370 
347 
351 
489 

373 
504 
553 
431 
456 
503 
484 
45  5 
431 
5 
426 

373 
374 
392 
350 
37  > 
349 
370 
426 


594 


INDEX. 


'   volcanic 
The  <;c()l 


Webber,   H.  J.,  and  W.  T.  Swingle.  Paper  by 
Weber,    H.    A.,    Address   by  .  •  . 

Webster.   A.    G..    Papers   by 
Welch,    W.    H..   Address  by 
Weld,  L.   G..   Paper  by 
West    Indian  eruptions,  Sccondar 
volcanic  foundation 
Wlielpley.   J.    D..    Paper   by 
White,  D.  G..  Paper  by 
White  feathers 
Whitford.   H.   N.,   Paper  by 
Whiting,  S.  F.,  Paper  by 
Whitney,   A.    W.,   Paper  by 
Milton,   Paper  by 
Wiley,    H.    W,.    Papers    by 
Wilder,  B.  G.,  Paper  by 
Williams,  H.  S.,  Paper  by 
Willis,  H.  P.,  Paper  by 
Wilson,  E.  B.,  Paper  by 

H.  M.,  Paper  by 
Winchell,  N.  H.,  Paper  by 
Wood,  R.  W.,  Paper  Vjy 

of  elm  trees.  Specific  differences  in 
treated  to  resist  fire.   Method  of  ex 
Wright,   C.   D.,   Address  by 

G.  F.,  Paper  by        . 
Yeast  organisms  in  pure  and  mixed  eultvires 
Yurok,  The  mythology  of  the 
Zahn,  A.   F..   Paper  by 
Zamia,  The  embryo  of 
Zenon.  A  new  gas 
Zoology 


tjgieal  age  of 


phenomei 


PAGE. 

4cS4 

377 

'.  .-573 

520 

347 
434 
434 
526 

4i^.S 
45S 
48S 
.3.S0 
504 
525 
>  .S25 
456 
431 
.S23 
458 
425 
431 
3  74 
483 

3C)2 

50Q 
43  5 
4S3 
503 
426 
486 
3. SO 
43  7 


33dS  ^ 


p 

Sci 

A 

Physical  & 
Applied  Sci, 
3enals 


American  Associ?,tion  for  the 
AdvancsFient  of  Sci  ence 

Summarized  proceedings. 
V.  ^2    (1902-1903) 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 

UNIVERSITY  OF  TORONTO  LIBRARY 


¥rM 


•Wi 


y.m 


n 


